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1.1. B#R
THREVEENURL L FR P BT R e AR R P B A
PfRAT 202 “HIR” DAL RAE 1A s AR AR
R A RBIEEIY” IS DA S bR a2 ig H

% 2] PythonF2 /7 L IHE &

1.2. FW®BES]

B AEE— G 7 2T LGNS B L HAL A48 I SENLIA T DIOR, gt kB TER
Ao THENUBH IS TR A R R A TR M TR &, 7 AT 2 1%
B P AR L R R 2% DL R K AT i SRR AR A RN R R T EERR e S _E T Y
FRb DL, T SR A AT AR R EAT. KRR IRRIL, AZEAFENAREL AR THHL
BHAA G R TSR A o 1]

TEEEIR O AL 1 I 8] 25 ST fift o e /LRI 7 B2 A 2E AR BE 7, BATBARE IR B B i
S AR RTT RIVBE I CARA B . IR MR 1 9 527 RS 2 B A A . R
M, AEAE IR AR T R 2 0%, I B i R T7 5 5 A B I R 2 PSR o 1 ok ) (Rt A e 9 K 3
(KB A B

AT RKG L BRI R . 5, BB SRR DR S0 5 Bl 45 M R 2 AN HE
B0, R AR AT 5 T A L Py ) T B DB BRI e A A ] S B FRATT S G A e 1) B
T f#pythonifi 5. RAELIFRMVEREMNIE T, ABRE W EARREIIF R P2 &3
F1 5 A N o B AE A8 AR

1L.3. THEHAER A 4

L H R UC T FNURE A AE R AR o IR BRI AT “ RN XAMA R . Rt
VRERE, AR AU OGRS THENLEAT I T . BRSNS AR EE TR, HE
WA THME.

THEENURE SRS A B L A oy DL R R A5 e B ok 7 SR OB T TR —
AMREE I, THENERA R B AR S —EE (algorithm) |, 5 W — 2 ff ok iZ ] aT g L IR
AT DN E e 4 . SRR EN A PR R o . AR T

THEHURL A A AR X SR 7. AR 10, AT A0 0 BB 8 B — 2 [ @2 B0
RIS BARIEWEX AN UOE 7 ASRA NG, A2 A EUCTE AR R IZ A RS T LR
MIARUURE E . R ae X I A, BATRT g SOHSEARL S, THEAURRART T2
FR (VIR R TT 58 LA BB AR TT SR (R 1

AR i {8 S Hof o T e, “BIVHE” (computable) IXAMALEIRE WL, MAFTEMURIEA )
R SERS, BATVGZ B PR o 55— Rt T RNURE A 105 SOR - T RNURLARIT FE R 2 ) 2
BAHE, FIERGFE. ERZHHLT, REEEDR] “HHEHL” AR e Hl. Al
NI R ffp DR T3 SR A ST T WL AR B o

TSR, s e R R R AR R, T TEHR (abstraction) . R EHATRELL—
ot X7 T AR R B0 SR S0 R AR 7 3ORTE AR 19 R AR IR TT 58 o A2 LI SR 81 h IR S A ARV
XA AR BB



FR— RS R EFR B TAER b (22l T R fEN—ANENL, —MNREMMHE, T
REBEITHEAE I, RFVREZ ARSI TR RABFEER, mAPR, RaNRE, ey,
FIZE, g, T30, HRMMAERE, TATTLAUL, RE B ZIREEHYERN —n. /R 12
REBTHERMEREARN— M B2 S — M E R DR . X Ty Re A Iy pr oy A m
(interface) .

H—ITH, REBHTAHIEEAFKM A AAACEEDF 23R AE, 1 AEBITRITA N
PR MAR I DR 0 P BT . A FREE TR S W AR, AT AR A A AR, e s R
5 EBOANAR AR, RAEEIIES NIHT.

PAVEE TSN o —FE 0. RBENTH RIS SO, SORERPE, B, 3BCE 5,
AR T LAR Bl ak, BRI D0 T IR SR e B AR R A s AT i) — e il AtATT G A8 B Bl F P )
FERERUEN . HEHRER P R DU RS B GO — Mo T LR A R
i,

A0 Z5UHE B A R G0 AR ] AR, D02 B A ] PR 5 ) DA % e 5 % o AR e 42 )
XEETNRE . AT ZRE U542 ) FIS L8 Y 7 A g o BT I 24 ) JER R FRT TR0 P 2

XA FAHF ) — i XS RN BRI, A s, AT S AE R TR
WA, AR TR SN TE S T AR R AT BL T o SRR IRAME N P 5 1R R I B AR R SR
KRR AR . RE — MR H B F——LAPython fmath #ACAHI. HEEAIGIH T
AR, JRATh AT DAHEAT T T 5
>>>import math
>>>math.sqrt(16)

4.0

>>>

Xphie — NS (procedural abstraction) 6], FAIA—EEMEF TR EABH
(), B R FBEAE XA BB 4 s S . GRS R IERE, AT AT DL E XA R e
REABATERIIER . BAVRIES NZBL T XA Mg 2, AR 5B MIEE 4 H i
To XANPMHOI AR CBAT WAL AT R RO E S (R R, FERA 4
(EIBH0 LIS R BME R4 o 10 B BB 4= s Bt ok 7 (UL D

n ————- sqrt{ } —# square root of n

e
A 1.1 IEmMR

14, fH 228 st

Bt (Programming) ek 5025 i tH L AT AT Rk s A 15 5 10 . AR
SAAEZ MR TE 5 L2 ML, (BRREE NS — IR g MR ok 0 BN 7 58 B0 Sk
BT



TR AR TR 0, HERFP RO ENR AR TR EZ D AR 23K
IR A TR ZEE—ANFRIEM TR B, X RHES RE 7 N LG @ e g RSN 77X
FRH AL S -

SRV T 11 A A QR TP S (10 K A B T 465 R 10— R B0 BRI [t U 5 R L
THE S B AR M — RS E 7 ORRIE XA T REAX S w . v, Ry it & R4t 7l 4s
ARk EIFESEE

FE AR AT SR R BRBE W i T B b R0E . SRVE A /D BORGR BERE 7 AL B . L U SN
AR . — RS AR IR UK UM A RG], mtr] I SVA R R .

RSN, P SR O — B T RO . O TR T RE AR, AR A
HAERA (data types) . bR HIR L — HEA) K B8 B BRATT B A . 7 R 1) b S
WA REIREN . FENBIERE i iadidn e i) AR R R KA.

IR 2 g fEils 5 #FE 0t T “H M X —Hdi R . BUI X — BUl A7 A5 TH SR Y A7 ) — A
Hey i B e i 1 B R T AT H H AR R T A A S R A R S (Bt 23, 654
AM-19) o Ash, —FhldERAIER M 7 HERTI S S5He . DWRBROE], H WIS .
e s BATHER AT R BR RS SRR RIZE T .

FRATTE 38 ) 14 R A S B b 1 A AT T ) R 7 SRR Rk o X SETRI Y, AR P B HE S
St SR AN BRI A R T LRI B AR TT S8 1, (BRI T BA VB H TRz AN
FEo BRATTT B L IpdoR I R AR LI Bh BT B A P T %

1.5. D] 2452 3] B4 45 F A il 3 A e 2R A

OB ) R 52 2% RE A i) LA B PR, T SRLAR S SO T il GO A A A AT T 0 S s RES SR
FERRESE BT AN ARG 1Y o 72 98 o e 7 il RO A TR, B ATT AT DA 4 BE A R A B )
Ao SRR FATTRENS BT WA By, T —FPE —STr 3, AR B T S A B A K

A, FATHE R P )4 AR — R i BREURR o R B A L A P SR P AT DAE B i R IR
) AU 7. BAEAME (data abstraction) [EAHS 2 AL, MREHERA (abstract data
type) CHWISNADT) , AU AEHE . BT, FOR T W 25 7 A AV ol 4 (112 4
PERR . X EIRE BATGE M R R BRI & SO R ST I R o 38 B2 H It 5 A
&, WAL T A BE3EEE (encapsulation) o X RS E R BT BRI, 2
PSS il & . Xl 545 BB (information hiding) .

BIL 2 JE7R 1 R A WS B AT L e S Se A L, o FH A SR a4 e (14
fEo RBHERAZR S IS E . PUT A BB LRI — )2 o A SERAT 41T

Liser

Interface

Implementation

Ulperations



B 1.2 HEHIERA

TS B 2B AT, W BB (data structure) , B EIRATH — LR F R
TEEE BRI A — AN O T B S PRJER o WG SCHTIR, 1K P A AL I 1R 20 25 AT DATE AN A A58 20 4
SERE RGNS O R, BT R A N R . X BRSNS T IS A
& (implementation-independent) 8. FAPAT — MR B EE G AR T7E, B AT
(VB ST AR T VPR T SUEA UL S8R 2 B AT T, AT AT R . T
BERE IR UL S AR .

1.6. Jyfi 22 3] 5 ik

THEHRFEA TGS a2 > JATI A N B T g il R R 27 30 o B A ) e ok
R E I EA I R SE B, B IRA TR TR APkl . i W e K EA RS, BeAl
A DR A AR, 2 DL AR B IR A B, S e SR A M R

FOEHESAME . WA ZATE 2 “sqrt” BB, TEWRAREZ AR IEZLH
RV TTRBRE T XA TR AT RELL 55— ME A8 2 BB 2R IR (R 45 R RT BEAE B At i
SETOMG IS TA] . NATTH AR 25 R AR S g Uy . BB EATIESRE Iz AT, M mTReft 15 —Fb.
HATTRE I, FAEAR, BUXBGRISAT R, s A WAF . fERE TR RA Rk, 2T
SIS Y (VR IR LU PR 7 58, T IR AR 2 TR 1 BB AT SRR IR 25 B

FERINIITE DL, FRATT AT RE 2 38 PR AERTASH A 7L, th it U B0 5095 AT AE JEL IS [R) P A e ]
AL DAL, CRE VT A g AL ANRTAR R AR R BB A MR R 5 SR R RIS AR BRI 1) AL IX 7 P ORAR L

PUNRER A H oM RBGE . AT NUR AR, B TR AE 7T, FRATTIE 7 24
PR g TT R RE . BJE, AR A REZMRTT L. KBTI RBEREERE R
N7 AR BAVE T R IG K55 -

1.7. PYTHON A7

R EFERATH 2 2 Ja 215 S Py thon, FF4A HTE 2 50T AT SC— AR VRGN S0 o W SRR #22 Ak
Python B AR TR B HE—2 T AT SCHE UG, FRATE AR LA “Python Language
Reference” . “Python Tutorial” FE¥iRl. fEXH, FRATN H AR L URE T AR ME 5 st ih
R 5 SR BT RO

Python &—MIUALIT. B4 RN RINGIEE S EIA — RI5RK N B A
GrERAERE 2. FOAPy thonfe — AR G &, @I SEIF IR A2 (il i 7 5, AR LR
B ERATE A . RNAZIC RS B IRAGE R 007 SR IF IR IR % Py thon £y . LL

>>> print("Algorithms and Data Structures")
Algorithms and Data Structures

>>>

'

B8 THUR, fith (print) B%L SRR — MR

1.7.1. MNE 4 T 46

HATBIE, Python STRFIE AN RAGAETEF . XA Py thon A 24 i e it i A2 1
mo fEPython B, ARZHAhT FX A MAETE S —F, EAEX “R” (class) LidHHE )
SRR CIRZED RIZhEE (A7) o “R7 RUUTHREARIRA,  “K7 B RaEE 21800 TR
AT N o B I T [ 0] 5 R X LR AR R (objects) o X R AR — NS



1.7.0. 1900 & % 0 B4 2 Y

PATRAE T PridPy thon FRIEEAMIR AT IEIAT A . Python I P T2 AHRIAT
REUMEIIZE, LS BEHORPE . KPPy thon KRR E int Ml loat . TIARHERIHAIZH
5, W, =, %, /R GRT7D , AR, ATCLE A SRS SRy . HEr—%dk
WA RIS EAT AR, HSEHl, AMRER, H//SE. R BB ER, K BRss
R RHL MiAEPython o, BACRMMIERZIEH G R Bon i BE8Et sy, 8% TeErh 8.

1 print(2+3*4)
2 print((2+3)*4)
3 print(2**10)
4 print(6/3)

5 print(7/3)

6 print(7//3)

7 print(7%3)

8 print(3/6)

9 print(3//6)

10 print(3%6)

11 print(2%%100)

RFE1. 1 BERBHEAF (intro_1. 1)

Python H ] PAZRIEAG REHE R fibool 2, 7ERIEEAHMIRHEIER AR S FARI%R, RE
AR RE(E NTrue Bi#FFalse, FnEMIfi/RIZHAF Nand , or, not.

>>> True

True

>>> False

False

>>> False or True
True

>>> not (False or True)
False

>>> True and True

True

AR BB B SO A AR LLBs S s T (=), KT O) BEREorR. WHh, KA
IBFAFANE S ST AT DA A R O T R AR I . R IR OR TR AR T 52 RIZH
7, FRAE IR AR AT T 28613



BREAFAR IBHAF fife R

AT < N TIERA

KT > KTIBHFF
NFET <= NFEET
KT5T = | KTHET

5T - |

TR I= AHHEE

RN and W BRI R
WA or PHEA— NERIN R
WARIE not HAME, RER

F11 REANMEZBIZHERF

print(5==10)
print(10 > 5)

print((5 >= 1) and (5 <= 10))

K11, 2 BEENXRATIZEZE F(intro_1.2)

FRRFF R RE T 1E 5 P RB S BARIAT S . #EPython o1, FRIRFFLLFREBTRIZE (O 1
NIV, KNG, IR ATBLRAEEAKEE . 20 R IR AE dr 44 B ROZE #5754 K,
IXFEA REAEAR AU RE 7 2215 N2 5 Dl 12 AT A

fEPython 1, {—NRAFHE— U HE TREERW LA, —ANEEREZ P =ET .. WIEE

AR TR AT S EIER . RESFA DN ERNSI . AR SRR S . ST
PHE:

>>>theSum =0

>>> theSum

0

>>> theSum = theSum + 1

>>> theSum

1

>>> theSum = True

>>> theSum

True

WAE 15 A theSum = 0 U T —4 NtheSum &R, JFHAZRERAN KA L0 5 H
(L 3D o —fokidt (s = A7), MEER AR S QREIEE, JHEX R4S
M5 RS 2230 OFRIRTT o FEBATHIBI T, A28 L UL theSumd [ AAE R AU AR R A, Rt
Hme A 7 (LEL 4> tdn B 7 B0 7 —Bool RHI{ETrue, AR M AR (R
theSumtt JyAool ) . IX#LHEM, fEPython t, WURIAMEAIEHERIAL 7, IBAZEK I o



PRAE TN . UETE A SRR AR BT 5T, X 2Py thon e RFEH)—ANMRFHE, BT bA— A28
LA [ 7 2 PSR ) 8

theSum

=2~

B 1.3 ZERFANHENGH

theSum

— -1

True

B L4 BESZRT A

1.7.1.2 TiEEEH LN

B T BAE A ZRIZ PSS, Pythoni® AT — R AN SR K I W IR B A 4. ZI3R, 4TS AT
PERA P ey, I HARLR EREAREL, (E R AT — Se e B rh 5 225 4 B PR (V0 R ) F) )
Mo TGRS NIEGZE T A 4

—AFIRRE T RE Py thon hEURIISI A A%, SRS, LHE
MR IZ SRR FRFIRLE . FIERRRT, XEWESEPREEABER -2, JFH
FIZAT VT RS IR — MR R 55— MO TR oR 1 8 Py thon #1202 FE
>>>[1,3,True,6.5]

[1, 3, True, 6.5]
>>> myList = [1,3,True,6.5]
>>> myList

[1, 3, True, 6.5]

EER Py thonh s —MFIRIRME G, RAMFIRSPERM . AN 7Lk FREANFIRUL G
A BAINGZR B R 5 a4 — A

BONBIRRA P, Fr VB SR — R PR DI AEAE Py thon SIS SAT. K1 2%
IR T ENTRIE:

LR BHETF HHiE
£ [ ] BRFHIR R — N I0 R
S + HEF5




HE * HE LTS

S TEH in LI R BETF
KA len REUT H1K

llas [ @] I #4F

1.2 SHMEMPythonfF33H KB EM4

FREEFIER 75D NOTHIGEGE, VI #(FmyList[1:3], ZREINTFAN1IEI TN (EA
&3 HIH .

A, PRBEAIE - ADFIR ., XAMES AT DU ER AR PGS . Bl :

>>> myList = [0] * 6
>>> myList

[0, 0, 0, 0, 0, 0]

NS P 56— AT R E AR R, w2 I R 45 R e 0 41 i 8 1 51 R i
2o XAATRALEGN S 1 JE R 45 244«
myList = [1,2,3,4]
A = [myList]*3
print(A)
myList[2]=45

print(A)

RFE1. 3 X5 HEER (intro_1. 3)

AREARFA = XRG4 Sy st F S5 R AExmylist P TR BT R e, XA
BRI T A

IR T — KRBV R BB A i R L 3RE T — AN, KT efMmEEZ G
5 S 3L

JiiE4 % fiF R
append alist.append(item) TEFNRAR R AN —N 3 I
insert alist.insert(i,item) TEFNR P AL BN —A I
pop alist.pop() FE R H IR B 51 3% 1) B Js — Tl
pop alist.pop(i) bR IR M5 R M2 T
sort alist.sort() XN R AT HE P
reverse alist.reverse() SEYIES
del del alist[i] MIBRTEZA B Ee R
index alist.index(item) IR [E1 51 R A 5 — N5 Tritem T 5]
count alist.count(item) iR [0 5 b 2 /D) E S T item
remove alist.remove(item) MR 2 p 28— AME ZE Titem )0

#1.3 PythonZlRHIRALH T



myList = [1024, 3, True, 6.5]
myList.append(False)
print(myList)
myList.insert(2,4.5)
print(myList)
print(myList.pop())
print(myList)
print(myList.pop(1))
print(myList)

myList.pop(2)

print(myList)
myList.sort()
print(myList)
myList.reverse()
print(myList)
print(myList.count(6.5))
print(myList.index(4.5))
myList.remove(6.5)
print(myList)

del myList[0]

print(myList)

RAG1. 4 FIRLAFEFFERB (intro_1. 4)

PR] AR B —2e 773, Blinpop, &I T —AMEFF HIFBHMES 1515k, HALK), Hreverse, R &
BT HIRBEAIRIEME, popBRilbBE A% 5 — i, (HAR AT LR [El—ANEE o R e M %, A
SRR, ZEEE TR EMNOFFIER .. MRS ERARMN TS, EH TN RIAHEA
J71%. mylist.append(False) 7] LAEEAE “ff % % myList 2 $iTappend 77 7% bR B 45 & — MEFalse” . 5t iE
¢ TR B [ 491) G B 0 P S Ak DAIX AN T SR T DL FH 7 v ek 4

>>> (54).__add__(21)
75

>>>



b, ATEEEESAHAT 4 N add” (755K (FEPython ARk 1F__add_ ) SRR 21/E Ml s
add, ZiRFAZTANIIFITE, MARTAT— M 554421 FATELAEIX NG H VAR TE 2 ¢ T 71 AR .

47— Npythonrh ) listHfi % % L SIS orange. range 7=/ T — MR R, 34
REGATLLFeR A, ARSI T T LU frangent R B OGN —oI%e. PR
SR,

>>> range(10)

range(0, 10)

>>> list(range(10))

[0,1,2,3,4,5,6,7,8,9]

>>> range(5,10)

range(5, 10)

>>> list(range(5,10))

[5,6,7,8,9]

>>> list(range(5,10,2))

[5,7,9]

>>> list(range(10,1,-1))

[10,9,8,7,6,5,4, 3, 2]

>>>

X% range R T —MNERFA . BOASI 0 T4, IRARIREETE 2 25, & aT DL 2 1)
ROFGRAGE R, L2 mT DABk It — L%, 7E58— /Mol 7, range(10), XAMFFIM 0 462 10 HAHE,
100 TESE A7, range(5,10) M 5 FF4AE] 10 HIAEE 10, range (5, 10, 2) 5 L1
ol EREFHANECZEMZE 2 (AEF 10 .

FRBEAUBFEENRZ A TR, 7, SHMAFSIAFAES. RO TR, B b
AT S AT PR RMENSS (A5 S XESHAT L, HARER) SRRRFX 2.




>>> "David"

'David’

>>> myName = "David"
>>> myName[3]

i

>>> myName*2
'DavidDavid'
>>> len(myName)

5

>>>

BEAFAFH P, BrCABT A Z A i X B FR A R a4k, TR s A e — &7
Tivk, —ERRIAER 14 B, it
>>> myName
"David'
>>> myName.upper()

"DAVID'

>>> myName.center(10)
' David '

>>> myName.find('v')
2

>>> myName.split('v")

['Da’, ‘id’]

FEIX L) g, split fEACEREER SRS A M. split 82— AR B R fE IR [al — AN 4 B
FHERYI S AR . e BB, 7 v R MR . WRBEHSB SR, split &
EIK tab £F . BATHE . EAEATAE D BRAT -

HiE4 14 FH 772 fife
center astring.center(w) RE =N, wKE, RS ED
count astring.count(item) IR 5] S 5 A R Blitem [ VRER
1just astring.ljust(w) RE =N, w KB, REfHREL
lower astring.lower() REl—AFRFER, /NG




rjust astring.rjust(w) REI—NZRFE, w KB, REfFSEL

find astring.find(item) B iffitem, IR [AIE—ANLECAIR 57 B

split astring.split(schar) PAschar A5 FafFE, HIRFRFE 0], R&kE—A
Ik

#& 1.4 Python FHIFRFEFIE

TAE RS 2 8] B K ) DX A2 14 T AR I 775 B ANRE o IXBARIE AT AR MR Sl ol
R, FAFHGEANTARR) .t ARET DUE S IR AR 5 S — AN PIER R HIIT R, TR AR

FPERAERA SRV

>>> myList

[1,3, True, 6.5]

>>> myList[0]=2**10

>>> myList

[1024, 3, True, 6.5]
>>>

>>> myName

'‘David'

>>> myName[0]='X"

Traceback (most recent call last):

File "<pyshell#84>", line 1, in -toplevel-

myName[0]="X"

TypeError: object doesn't support item assignment

>>>

Jeél tuple MFIFK Tist KA, it REHEFIIRS, X2, tuple AT HEEE, it
BT . TTRATPHEE. LRI NG SHEEN, HESRITN—R5ME. 48, FR—
A, EWEM T BT A EisE T, il



>>> myTuple = (2,True,4.96)
>>> myTuple

(2, True, 4.96)

>>> Jen(myTuple)

3

>>> myTuple[0]

2

>>> myTuple * 3

(2, True, 4.96, 2, True, 4.96, 2, True, 4.96)
>>> myTuple[0:2]

(2, True)

>>>

B, MERAESETHER TR, S EMaikes. dRAK error KR 1
TR o B AN AL
>>> myTuple[1]=False
Traceback (most recent call last):
File "<pyshell#137>", line 1, in -toplevel-
myTuple[1]=False
TypeError: object doesn't support item assignment

>>>

e 0 MEZ MNP BO A 4. EEARFHBIEE TR, Ror el SmErn. M
ESRITH—RIME. ZREREGERN set 0. EERLFRI, I HEGRITER. Filin.

3

>>> {3,6," cat",4.5,False}

{False, 4.5, 3, 6, 'cat'}

>>> mySet = {3,6," cat" 4.5,False}
>>> mySet

{False, 4.5, 3, 6, 'cat'}

REEGRITFN, VRS 55 Z R i) H A A SRR 3RAE, 2R 1.5 mIBT 1 ix L
BefF, JFHZJE g 1 a0 FZ A 1 B AR 7

= a4 | fiRRE




& TR A& in HWr— ARG E TENES

TEERAH len REMERE RS TR A H
| OF%) £& A|HEEB RS, IMEGRZEGAB IFE
& (25 £45 A& £EB RE—NEES, IPMEERATESAB LAH

ToR, REEAB MK

- & A-H£EB RE[ RS, IMEGLESA REA 5B

HHILE (A- (ANB) )
B A A<= 4B FIREGA TR A TR EGAAEESE T, &

B4 /R1H True EY{FEFalse

% 1.5 Python FESHBERT

>>> mySet

{False, 4.5, 3, 6, 'cat'}
>>> len(mySet)

5

>>> False in mySet
True

>>>"dog" in mySet
False

>>>

LR T2 T, HT SRl e, K 1.6 REGIE T X, 2EthE
— g FHs2f5] . VER, union, intersection, issubset Al difference XLERREKIThEEH AT ik
ERAPHIBHETFNE,

B4 T e

R . T TR KT AR |J 7.0 T AJT7T T 76337
union A.union(B) HAEAAR [IHE
= = = = =TT T TR T & T oK T 7y HoR 75,0 >N T HJ70
intersection A.intersection(B) %, BHELAB ML

N N =TT T TR T & T o< TS T 1Y 74 &8IY I 7~
difference A.difference(B) HIEE (A- (ANB) )
. . TR I T"HIT7T T 7UR A H AP T R H D T  ZF
issubset A.issubset(B) A SR True %% False

R JOIIVIIT & T JUARTWAIH IR T 7Y T

add A.add(item)




remove A.remove(item)

SRTTZY T 7 &SI &S T JUAR

# 1.6 Python FEAHIEMEH

>>> mySet

{False, 4.5, 3, 6, 'cat'}

>>> yourSet = {99,3,100}

>>> mySet.union(yourSet)
{False, 4.5, 3, 100, 6, 'cat', 99}
>>> mySet | yourSet

{False, 4.5, 3, 100, 6, 'cat', 99}
>>> mySet.intersection(yourSet)
{3}

>>> mySet & yourSet

{3}

>>> mySet.difference(yourSet)

{False, 4.5, 6, 'cat'}

>>> mySet - yourSet

{False, 4.5, 6, 'cat'}

>>> {3,100}.issubset(yourSet)
True

>>> {3,100} <=yourSet

True

>>> mySet.add(""house'")
>>> mySet

{False, 4.5, 3, 6, 'house', 'cat'}

>>> mySet.remove(4.5)




>>> mySet

{False, 3, 6, 'house’, 'cat'}
>>> mySet.pop()

False

>>> mySet

{3, 6, 'house’, 'cat'}

>>> mySet.clear()

>>> mySet

set()

>>>

ARG Python FIEHER A E 8, 3R iV 2 X AH B2 (BB B R 1 e AL,
WSS — A (key) F1—/ME (value) . IXFiCEIHAONEEN, —Mic/FEE: 1E (key:
value) . FHMPIFRRHIERE, KFETHE T ENHIE—R, ENZEBESRET. 240
¥

>>> capitals = {'lowa':'DesMoines','Wisconsin':'"Madison'}
>>> capitals
{'Wisconsin': 'Madison', 'Iowa': 'DesMoines'}

>>>

AT LR e R R SREUE (E, B U0 5 AN B R e sh - . < i Bk SR AL
B XA EPREEM NP FI R SR BOCR REEA L, WA G # & @7 51 R s oRIREL, T ar
ORI . WIE TR AR, AR AR, B AT, T g2
B —ANRAE XY

>>> capitals = {'lowa':'DesMoines','Wisconsin':'Madison'}

>>> print(capitals['Towa'])
DesMoines
>>> capitals['Utah']="'SaltLakeCity'

>>> print(capitals)
{"Wisconsin': '"Madison', 'Utah': 'SaltLakeCity’', 'lowa': 'DesMoines'}

>>> capitals['California'|='Sacramento’
>>> print(len(capitals))

4

>>> for k in capitals:

print(capitals[k]," is the capital of ", k)

('Madison', ' is the capital of ', '"Wisconsin') ('SaltLakeCity', ' is the capital of ', 'Utah')
('DesMoines', ' is the capital of ', 'lowa') ("Sacramento’, ' is the capital of ', 'California')



A5 1.5 ## (intro_1.5)

Thid, AT (key) BIFAE R BA R RIBUT ), W g, 56— 0 i e Xt
(7 Utah’ :’” SaltLakeCity’ )#{fE T 7 fsE—ANMLE, 1058 /NI
(’ California’ :” Sacramento’ )7L T &Ja— MU E . & THEAEERA ESLhr F2M “Hia
B X—MEAKR, XSEBENEP MR, £ LBPRAIMMERT length R, ERZATIL
BRI —E,  A] DL SR SR 7 d o iy BB oo % H o

FHAT DUE MBS HAT R, R 17 AR 1.8 A T sk BT e A s AT
CAR R AU RERI R, 2 e i) — BURRS 4 T eI SERriR(E. key, value Al item X =%k
AR S I MR T RO (E. BAEX, ARRIRATELA list BREGEENRRIME REE 22 N5
Ko get MAHPIMARIB L. H—F, WERERK key AMET A, Bl None; %5
F, ION—ANAESH, WRERE key AFEFHA, BIR [ — M5 E I

BHAF FH: fil R
[ mydict] ‘key’] Iz [Alkey X ANGE PO B ME, WRkey AAELE, 2k
i
In key in mydict iikkey XAMEEF I, AR [FI True, WIERATE,
#ti& [F False
del del mydict[ ‘key’] TEF- S R Brkey 1X AN BT X . R B AED 0T

* 1.7 Python FZMEZHERT



>>> phoneext={'david':1410,'brad':1137}

>>> phoneext

{'brad': 1137, 'david': 1410}

>>> phoneext.keys()

dict_keys(['brad’, 'david'])

>>> Jist(phoneext.keys())

['brad’, 'david']

>>> phoneext.values()

dict_values([1137, 1410])

>>> list(phoneext.values())

[1137, 1410]

>>> phoneext.items()

dict_items([('brad’', 1137), (‘david', 1410)])

>>> Jist(phoneext.items())

[(‘brad', 1137), (‘'david', 1410)]

>>> phoneext.get("'kent")

>>> phoneext.get("kent","NO ENTRY")

'NO ENTRY'
>>>
BRI 44 S 732 il R
keys adict.keys() LI R B 20R [Bladict A TS # (key)
values adict.values() PABIR T 200 [ladict = Y BT A B (value)
items adict.items() LA R Fladict A B BT A BAE X §1 R B4
ToE e EAME R A
get adict.get(key) R [nlkey FrxfBEME, Witkkey AEFE, #fiR[INone
get adict.get(key,alt) R Elkey FrxfBIME, Witkkey AAFEAE, ik [Hlalt

1.7.2 WA 5% H

Toe R A, B R B A R, RAVEE FESH P #7530, W4 K 2 B0RE 748 H
—ANKPUEHEVE N — A ER PRI F R AN 5 . AR Python A XEME, (HIRATH
FRT RO DU X A e 8. Python BURTRMIRAL X —eR%L, EEKRAH P WAL EEE, [
i DA B O KON P R N R G2 S A\ IR {278 “please input your data” 2%

1) o XA AR Z input.

#* 1.8 Python P FZ KR



Python WET 7 BREUSTHKHE S R RBEHRZ A — KT8, XN THF RPN RSAF (prompt),
DRI 745 8 — B AR A - SCARE R, TR P A . 280617, JRAT PO R

aName = input('Please enter your name: ')

ZJa, TRHPHERR TIRRZEMAN TH 4, EESEAARAE aName X MRS, H] input,
AR S MR P A SRR 2, RS IEH A REEE Ak, DUMEREATIHE— 2D 1 #
fEo fltn, fE NI FIES, H KA MARIINA T, 5605 AXE TR R T
FRERIEAT T B AL S, BOUEH T A AR

aName = input(''Please enter your name ")

print(" Your name in all capitals is'",aName.upper(),

"and has length", len(aName))

7% 1.6 input B, RE—AFFKFH (intro_1.6)

input BREZEECEIH NG, ERREMER — 7R g R T EE B R G
BN BB SR Y O HER AL, I SRARABE R A TR R A 9 S A — R B 2R, e 5T AT WA 2K
A, 2N HRIX LEE A, F PR AT R A O T R, AT N B St T DA 3 —
AP S

sradius = input(''Please enter the radius of the circle ')

radius = float(sradius)

diameter = 2 * radius

1.7.2.1 F-7F & 4% 204k far H

FEZHEAMICE T T print pREGE— MR 1 Python R/ i th & i /7 20, & AT LL
R 0 MEZAZEICR L, BOA SR AT, Hel, AT LUEE BE sep 24
RGBT BEAh, B 175 M ABOA LUFAT 747 O>2) 45, ] end ZHT LA IX —BE
PUR IS R T a0 A2 5



>>> print('"'Hello")

Hello

>>> print(''Hello"," World")

Hello World

>>> print("Hello","World", sep=""%***")
Hello***World

>>> print(''Hello","World", end=""%***")
Hello World***

>>>

FERERE R, [ E M U i AR AR HI B, Python $R4E T — R BARIE R4 Y, PR VK& AL T
Fre . MU PR ERBROE T — AV, Hrb i) B an] el M 2 R AR SR, T o 7 2R U B 45 A RO
Fo  BlIE AT

print(aName, "is", age, "years old.")

A& “is” Rl “years old” , {HZ2H A1) name FI age 2xB#E AR B H M SR SAE . R A
W F e, FATH R RATIE RS K

| print(" %s is %d years old." % (aName, age))

XAMEREG] TR T — Mo s RIE . b RFFFHRBEN, MR BRER. £ X
ANFRIEAXH, % DR E AR TS, ARG RS, s 7l 8 m
AR AE . AL A A AR (RO RN A A R R ) AT R E B AR AR e A
PRI RE T, WA BIA MR &, % B AR S AL AT AL B

BUEBATE A ARG A A% A FRE P R 775 8] LU — A H AR R
ARE ST %Ja M TR By 17, B EoR 1 AR AR B S e B 74T S XML B . AR
EHPRAGI T4, s $RE TIHEANRERZ TR S, 1 %d $HE 7R LR R T
i, ufe gc B £ 19BER T HMARREK T

TAE it A% 50
d,i B
u g St
f 778, Wim.ddddd

AR, fnm.ddddde+/-xx
E FEA, fm.dddddE+/-xx
Fagtb-4 /NelELS KA AE FH %e, 5 0045 FH %t

c L 6

(¢]




s AT B 2 e T str() % T U

% BA—N%

R L9 BANFRHEERRTER

B TR AT LA, URIAT BUAE % R 7 15 2 AR AR AR TT o A s I TT R LUK — Begn
SE L IR S A A A B SC I A 0 S sl A0 5o A AR AT th FT A NS R A I T, e E T B
JEo 2110 G 7 I Eels sUBMART A -

(EHiES 3] il ity
number %20d A B HHE20 DNER R
| %-20d A G20 DRV, EXFE
%+20d A 20 MR, AR5
0 %020d A G20 DR, ATE “0”
. %20.2f RS20 MR, HARE AN
(name) %(name)d Mg Hikey Aname [FEATE Ak

#£1.10 BREWHFT

1 KERAERT ) A M2 — N A SRR A 2%, e P A8 (B K 2 Bl A N e I ) S 4 o
EANAERBEAT LR T, Wl 7. mRXANERLIH, WALEENIEAZILT ), W
e, JTAH A — TS LT A% A R R S A AR, SRS AN RO R . iR IZ
MR T, AR A R IRABA TR B (key) RATNK), ERXMIEI T, FrA BT/ 020
A1 (name) AR R 4G € B (key) 44 FK, AT A AR o
>>> price = 24
>>> jtem = "banana"
>>> print(""The %s costs %d cents' % (item,price))

The banana costs 24 cents

>>> print(""The %+10s costs %5.2f cents' % (item,price))
The banana costs 24.00 cents

>>> print(""The %+10s costs %10.2f cents'" % (item,price))
The banana costs 24.00 cents

>>> jtemdict = {"item":"banana"," cost':24}

>>> print(''The % (item)s costs %(cost)7.1f cents" %itemdict)
The banana costs 24.0 cents

>>>



Bk T REAE FH 35 0 7 75 DL RS B TR AT RS s 77 5E 4h, Python AP G T — 1% N
format MIPREL, TRILARI—HHI2E Formatter 454, VASZILE & M7 R/FHmtb. XT
Python FIX—4¢ta, FJLAAE ] Python Library MIZ%EF.

1.7.3 5 1) 45 1

SR IATHT T i Y, SE AT P BB AR 450 UL . Python SCRFEATIIANFITE
Ao BRAE AT LR T e 1) i A7 A 3R iR

XFFIEAE, Python &4 7 —> while ifit) M for t5f). while ifit) W] LAFEEIA %A N H K
THOLS — EE A Bt
>>> counter = 1
>>> while counter <=5:
print("'Hello, world')
counter = counter + 1
Hello, world
Hello, world
Hello, world
Hello, world

Hello, world

HE M “Hello world” 5 K. (B FAFEREAEINITAGIS B2 00T, AW RN I, 1l
PERGHAT. BT amb ks ol BATATLRA 5 BT Python ) while JEIFS5H.

while EMEAZ—MEHE W ILIIENEH, BATRSERS ARREEDEHNR. FR2H
DR, =M EEFI T LGSR . il -

while counter <= 10 and not done:

KA, BRI AR R EERTA AR 2 GO N A 2PAT. L8 counter I{H LT
INTFEHET 10 3 HAE done (Fi /R ) A& False (not False &is& True), HILE+E=H,

RRPRB SRS PO T ARF A M A4 IEREEH for IHAATUIMVFZ Python 4%
HFEMEH . RERZANEHLE—AFIE S, for BRI LLBEIZAESKPIA TR, Flin:



>>> for item in [1,3,6,2,5]:

print(item)

item IX ISR P IIREAMELL 3,6, 2, 5] ARJEPATIEANUM T AE . K& TAEM A FIE.
T TR )

for iEAJHIEHZ M EEAUE RV, Biltn:

>>> for item in range(5):

print(item**2)

16

>>>

BEAR ST 5 . B RIEE — R SR, 1,2,8,4,), FME
KT, WIRA TR

IEAREH I D AEF AT BT BEAE AL BT 15 85 10545 o T AR J BUil 13 7 745 3 (1R A7
7, IF BR R A MBI sIaR . 45 K2 & B 7 BE IR K — AN BIER
wordlist = ['cat','dog’, rabbit']
letterlist =1 ]
for aword in wordlist:
for aletter in aword:
letterlist.append(aletter)

print(letterlist)



RAG 1.7 BRHHIRFHITCER (intro_1.7)

PR A RVFRE T PR L, SRR AR RPAT AR R . K2 BgmfEil 510t 7 PTRlE
KA KL if else M if. T2/ MREFEH “IJTEEMM if-else ERIKIHFIT.

if n<0:
print("Sorry, value is negative")
else:

print(math.sqrt(n))

ERANMIFH, 0 AHRERANTE. WAGE, Wil AT, BHERAN. WRAR,
AT else 1A, THETIIK.

EPRLER, SATARTE I LA AT RS, AR AT 2R S5 R AT DL E & 5 )R — A . il
n, R score & — MR, CFX AR BT I IAE 70
if score >= 90:
print('A")
else:
if score >=80:
print('B")
else:
if score >= 70:
print('C")
else:
if score >= 60:
print('D")
else:

print('F")

AP B oy 7 B O AT 2026 R R KT EREE T 90, it A. WREH

(else), N—MHWK AT WERMD KT EEET 80, HIBELAE 80 FA/1 89 ZH], fHIUEE—
AW . S Bo FRATATLAE R Python 4ait=HBITHM if 1 else Z[HH BLR,
T FAEMEINTELTTR -

HMEI R ERRBEH elif FAXRET. else 1 if 454, W THSMNIIRE. BIEH
else VIR MEN . BFNAFRELL LA HA KL,



if score >= 90:
print("A")
elif score >=80:
print('B")
elif score >= 70:
print('C")
elif score >= 60:
print('D")

else:

print('E")

Python Wi —ANBLEFRLER, if B, if B, WRAGNE, WHATEE. W%
PR, AT R AT A . Bltn, T HEAARE R BOg e B AR E 0 BFMER S . e, M
H 48 3HE BB E . ToiinfT, N a2 T EE TR .
if n<0:

n = abs(n)

print(math.sqrt(n))

2 7] R,

2 T T 25 S R MR R T B T DL RN, 180K Activecode 8 IARHY, fHif# 3% 4
A TR R

# the answer is: ['c', 'a', 't', 'd', '0', 'g', 'r', 'b', '1']

FEFNEH, AAE— RO EE AR R QIR IR . X NFIRMENT . IR AT
PAAE R G T I L A B R B SR AR B3R . B, AR BA TGN T 10 RSB e 417
Pz, FATATLMER for THA):
>>> gqlist=]
>>> for x in range(1,11):

sqlist.append(x*x)
>>> gqlist
[1,4,9, 16, 25, 36, 49, 64, 81, 100]

>>>



B AT, BATR L — 2D 5E ik

>>> sqlist=[x*x for x in range(1,11)]
>>> gqlist
[1, 4,9, 16,25, 36, 49, 64, 81, 100]

>>>

£ for Zitih, R x B 1 3 10CHNESHE 10) FBEE. 1 x * x WEE, B8RS
MEGT @Rzt FIRMNT T DU kB a),  DUE R A ST H 3472 SO 2R 1 51
Fo it
>>> sqlist=[x*x for x in range(1,11) if x%2 != 0]
>>> sqlist
[1,9, 25,49, 81]

>>>

XAFIRMNTIE RS T —MUEH 1 B 10 AR ERI 2 F TR, AR Rk fisi
(¥ 3 B8 T AR 512 fif A b 0 SR A 3 — ST I 81 3R

>>>[ch.upper() for ch in 'comprehension' if ch not in 'aeiou']
[’C’, IMY, IPV, IRI’ ‘Hl’ IN’, ISV, INY]

>>>

477 VK

W FA Activecode8 WIBAIRXFFIRMEMNT MIEL R 7 5h, WBMBREEK TR

# the answer is: [YCY, Ya" ’t” ldl, VOI’ YgV, ’rl’ lal, Vbl, lbv, Yiv’ ’t’]

1.7.4 S5 AL #E

SREFN, EESHIPMER. B, EEER, WA USRS R 45 M B RIS
BT MR B, 7 for BAITHERESE T 24RN:
>>> for i in range(10)

SyntaxError: invalid syntax (<pyshell#61>, line 1)

FEIXFPE LN, Python #iifas KBLE ARETEMIZIE 2 MIALEE, FOVAFF S EARIAIN . 2RES
—REFEA I HEEN, HRERIEE EE



R MR REEAR, BT UHAT, ESHRS R RERN . XA H TR )E BE
ECE R MRIE TiZEE. I, ZHEEHR SEUS TR, P&l USRS TR RIIEE
WFRNFE P75 (exceptions) .

RZ B, )25 Tl st A o 2 0 S BT AOR s T8 R . (HA2, REHGFEE = it
T MO R A B I SRR, AR GUA BX IS AT RN T . SeAh, IR FR
SHRE AT RN AU, FER AT AGIEE R

LR RN, AT R PR o TRUER try 1HA) “AE” SRR . Bk,
FHE—BAUS, ZORA AR, RIS Python BRI IR E. AR P A —A
B, ZERTEEET 0 B, TEIHPFIIR. WlRA AN — D TUE, PR EC s — A
ValueError 5% .

>>> anumber = int(input("Please enter an integer "))
Please enter an integer -23
>>> print(math.sqrt(anumber))
Traceback (most recent call last):
File "<pyshell#102>", line 1, in <module>
print(math.sqrt(anumber))
ValueError: math domain error

>>>

AT GEE A try B print BREACEIZAN R . AR, BORER T MR TR
W ESATE R EIREIGH . Hlin:
>>> try:
print(math.sqrt(anumber))
except:
print("Bad Value for square root")
print("Using absolute value instead")
print(math.sqrt(abs(anumber)))
Bad Value for square root
Using absolute value instead
4.79583152331

>>>

try AR E A TP IR B, SR 2Rz A5 Bk Bl 4s T, JFSRIE A 3 T2
ERZERHE . DI RIRATEN — DR BT I e 5. XRWNRE, P ALK, MRS9kE:3
FAEA



Fioh, R RATLOEE AR raise iR H CH&IZITRE . Bldn, FONHEMAITIT RS, m
WA, SRSV, FEAORE A EER T4 RuntineBrror R¥HIL B. Wik
B IR a4l EIE SR R hiE R AR .
>>> if anumber < 0:

raise RuntimeError("You can't use a negative number")

... else:

print(math.sqrt(anumber))

Traceback (most recent call last):
File "<stdin>", line 2, in <module>
RuntimeError: You can't use a negative number

>>>

K7 _FIRFTRIY RuntimeError S5, A HADAWMERI S5« B nT B 0525 288 LK ] 2
R AL Python 225 F .

1.7.5 € X R

WA 15 M B A AR Py thon RECHIRAT 1T 53X — e 8. A2 MBSO, BAlTmr Bl e S
— AR AT T R TR B, A RECE X FE DAY, Al MR, gl
LR [B]— N sE B . Blan, R e NI [ A BT 75 1A fa] 0 B 2

>>> def square(n):

... return n**2

>>> square(3)

9

>>> square(square(3))
81

>>>

RGBT 2 LB AR B square FITESHA GFIER. UL LREH, n 22—
XS4, XKW square REHA TF BN — MNMUEAIHET. BB EARTH 0 FHMER, FHiRE
EAME . FATAT LB AE Python MEEH A square BRECKRITE'E . 45 square MRELIHL—5Lkr
ZHUE, 1E LG, RATE 3 XAERREUELS TR, R, A square PRECR A FME AT
DA HC AR AT

FATAT LA A A SCBIRATE QT IR R B, H AR INEIE I T O AR, R
WSk T IERMIE . 250 newguess= 1/2 * (oldguess+ N / oldguess) HU—/MHE n, HEEHHATLL L

R,



— IR H AR newguess BN —IRIENH oldguess H AFHATIHHE . X BLAEH BIWIME A
n/2, M1 FHXFE—ANRE, EHEZ—AMEn, FREH 20 REEHEZ EIE. FFE, 45
VR BAR D SR S BREOE LN, B P AN 0T 2 R ORI BT B2 AT SEX AN DI RE I -
ARG 1 I # FRER R RERAR I . # 5 AT AT 55 5B 4 20
def squareroot(n):
root = n/2 #initial guess will be 1/2 of n
for k in range(20):
root = (1/2)*(root + (n / root))
return root
>>>squareroot(9)

3.0
>>>squareroot(4563)
67.549981495186216

>>>

29

2 7] R,

KEA =N TR AR E . ReTReC &Nl 7 ERRE T e 2 ? Z e BTR i,
W BENLEST FAVEL BN — D745/, KA LRI ARG, HEXBA— R4 ER T, bt
FEWAgE. fFie, (REIRATH —A Python BRECEHE 1. IRINAZ ALUGEA AL R—R)75 L LTI
ZEWR? AT X AEEN: “methinks it is a weasel”

IRA A BAEW B 23 TP IS AT IR, BTEAMER] Python TIDE ME. FRAT PRSI AN il ML) 7 i 2
'S REL ZREUER A 27 DERRER TS, M 26 DN RERARS LR
Pfo TATRG S 53— DEREG R ECEBEHLA 775 8 A1 E AR 717 HR

=R SR AL AT BB R A, R A R H AR T BEERAERE L A5 A P L T, 3R
ISR 7o R TR B, WA ER DT/ 8. N 7 ike ™ 5 TR IR
FIRLAE, B8 = AN PR BON %R 18] HH 2 B RN AR A R R A P A A, IR IR P AR XA AT R T
1000 R A B A G BRI 747 5 IR EL

B 5X,

BRI LAY, REIESR 8, RS20 H AT v IS B AR AT il
PR I — AT A ROET A R TR HAR AT SR R R L, AT XA TR A g A
TR H P AR AT, XL TN .

1.7.6. PYTHON [ [ Xf R4 fe: & XK

BAVZHIFEH T Python J&—F AN SMIRIES, FHNIERINCZH THEZHNE SR
VA B A R R . (B2, T A R RAETE & — M B R 2 R U gmAE 2 (e ) |
N SR — AN W] DA SR A vk i 5 ) e R AR F i B 2K



AEHATE HH AR ARG O — AT AR I H 2 A AT CERER) ME R
o CaEmiig) MR . MR OREI A R EIERE, —DfEE W U R RG 5
RLFE AT AL [ I th 3 (06 200 FR A0 T SRORE IR e il R S Bris B — MR o Te iR AT AT A S —
REHE SRR, A PRI ISR E -

1.7.6.1.7~f9: FRACTION 2%

FH—AMRH DL E 1R F I St — AN FH 38 58 SRR 357 — ) Fraction JERLitifh % B 2%
B, BATELSNE Python $RAHRZEFHSMEIRAIEH . A%, 2R, mragalad—A4> “3m”
fraction HIEHEISAI S A A ML,

—A fraction W13 / 5 WM. LK, FOVST, ATLLREMEL. THrHT,
i, ATLLRARMTRT 0 M3 (51 fraction HHAIST) o BEULERATA LLEIE—MF S5
IEAMEAT fraction, (HAEATHIFEOLT FATIE M 0 Bk — DI fE.

X} Fration izBAFRAEXS Fraction (X G i HERAEGAT A AN A EE —FF, RATF ZRE
o, W, AR, BATEAEEEW HoR fraction AR “o%” Wk, Hlws / 5. kih,
Frf fraction WIIEHMNZ A EIERRFIZGR, XFEAE BT IR, ARG S2 DLEHE I
T A5 &5

1E Python H, FATEISIR—ME—N A FFRSL—ANT1E TEEE ERBIT R B0 SO ke X—1
B, ZIXANT
class Fraction:

#the methods go here

RBABRALE T8 OTERIRESE . XHT A BRI S B — P IR AL ER R M1 iR . 1438 s Bl
TE ST R A . A —> Fraction X5, FRATH ERMEWEEIE, »T Motk 75
Python #, MIEREIINELHBEFRME  init  (BATRIZLIE init 282 E) , Wt 1.8
Fi7Ro
class Fraction:
def init_ (self,top,bottom):

self.num = top

self.den = bottom

ARG 1. 8 (intro 1. 8)

FE, ERNISEIIRC S =1 (self, top, bottom) . self &—MEFEkIIZ%, #EAT LU RE
NSEREINERE ., ELIRE-NEXSEG A, AR EHKEANTS B —DERSH
fH. RTHTIA, Fraction FFEMNIUREEIE, 7oAy EE. fEMIGEREFT T self. num jE X
Fraction Xt G4 —AN N &8 I BHE X L8N num /ENE RPIRAS . [AAE, self. den #iAli&E N B, 1X
AN 2 BB BT 5 BLFIRES, (3T fraction X SAIE M LHE

NBIE A Fraction KIYSEH], FATLAUEBINIERS . 1K 2 7E S 40 BRI 3 S Fr AU B )
WA GERRNMASEZED__init_ ) . Fla,

myfraction = Fraction(3,5)



XEGE AR, RN myfraction REPE 3 /5 (An2=) . B 1.5 SR TXAHIRI
TE R SEBL .

Methods

myfraction

E

B 1.5 —rHEREIER

BATEMA) T S LI R B R ZR AT . B, BRARNZATH A R~
KA 4
>>> myf = Fraction(3,5)
>>> print(myf)

< main__ .Fraction instance at 0x409blacc>

fraction X5, myf, AFIIEUIAIA]ISIX—STEIER . ST ENTNRE BR Gl 745 8 AR T
FRPE T DU o myf ME— R SR BORIZAR B AR AE R SERR G CR S RgHAED o XA RIAT
THE.

IATAH PR TTVE AT AR IZA R . — A28 L —NITIERRN show ¥ SLVF Fraction Xt 4 H
CAEA— DR . JATAT PLSEBLX AN T, wifkhs 1.9 Fros. WRIATZ AT 612 1) Fraction
MR, WATATLLEE show (JEs) BHD, #AWEY, HEAMEXITBAS . Apg, XTI
— AT TER. Jy TAEFTENIE® TR, AT E & F Fraction SEANMATHAHAL — 747 . X247
NI 7 BTSSP its Z 1

def show(self):

print(self.num,"/",self.den)

>>> myf = Fraction(3,5)

>>> myf.show()

3/5

>>> print(myf)

<_main__.Fraction instance at 0x40bce9ac>

>>>



ARHG 1.9(intro _1.9)
1E Python ", FTH RIEESHE — s, EA—EHEEILEE T/E. HPR—14_ str &—

FOTEARAE RS GO TR o TR RERON SEIL A IR Bl AT L2278 B A 49 777 85 o AT 24l
RRAEXANTT % I S BATR IR EIE AT — A, B YU EHE T AT
N

FEIEA, JATE R E X —DI7HE, SO str IR e — AN sSE Bl s 4 fos. X
NEXHAF BT HAE R, BRTEERSE self. K, %A ETHEAE R NHEIRE
B — TR, ARG ICE — N TR T B Z AR R ORER I ) . 45 R A5 HR G /AT
Al —A> Fraction X RESKRIFEHE H CONTFAFER IR [B] o 33 50X > o U0 1 & A 7 7%
def str_(self):
return str(self.num)+"/"+str(self.den)
>>> myf = Fraction(3,5)
>>> print(myf)

3/5

>>> print("] ate", myf, "of the pizza")
I ate 3/5 of the pizza

>>> myf,str_ ()

13/5'

>>> str(myf)

13/5'

>>>

A1 1. 10 (intro_1. 10)

SRATAT LT3 Fraction R VFEIARM T, — B BB IR A ARIZH . RA)
AL QUL P HOT SR AT I E R BRAERY 7 A5 . 7Bk, MBRATREH
SRS P T



>>> f] = Fraction(1,4)

>>> {2 = Fraction(1,2)

>>> f1+12

Traceback (most recent call last):

File "<pyshell#173>", line 1, in -toplevelfl+
2

TypeError: unsupported operand type(s) for +:
'instance' and 'instance’

>>>

WMRIFHEF R, RSB IHIRE “+7 SEEILEPCI RS HAT R .

AT U $R it Fraction RESTVEMPX AN A . £ Python , XMITIEARA
_add_, ERENNSH. B, self, XMERFEM, RS MEREHMERE. Hi
an,

fl. add_ (f2)

SEOR Fraction X5 £1 KK £2 INBIRIA L . XAl VS NARHERIFF 54, £1 + £2.

P IS 736 25T AR [ 7 BERAT N o 5 T S0 0 153 R R A AT T B AT A [ 8 73 B2 ] SR sk Y 9 2 1
(AR HUE A — A 3L 5B, a / b + ¢ / d =ad/ bd + cb/bd = (ad + cb) / bd [ISZIIUIL
111 ffroR. BRAh, BREGRIE—ASET 7 A B B MO B BATTAT DU S — MR 2
BEARFZIE MG ILTT %, ARINESR, RS ITERNTE R LE R,
def __add__(self,otherfraction):
newnum = self.num*otherfraction.den + self.den*otherfraction.num
newden = self.den * otherfraction.den
return Fraction(newnum,newden)
>>> f1=Fraction(1,4)
>>> f2=Fraction(1,2)
>>> f3=f1+{2
>>> print(f3)

6/8

>>>

A4 1. 11 (intro_1. 11)



Jrik ¢ __add 7 IEE| TEATOAE K, ASRIFAEE. 6/8 MHARXK, EREHFARRR D
o WRIFIIERIZA 3/4. T RUEIBSEAE RO 7340, JAT75 2N By ek ORI AL il 20
o XA BRI BRI 0 T BRI ERCR A I SRS AT AT LK 7010 BF RN B LA K 24 [
» RIS R

& A N FHRE R AR T2 R VEA R, RATKAAESE 8 Tt AT, KJLEAS
VR : X THAEE n fin, R GEEEn, BB n BLn MERENTF 0, WHn
AEEHERFE n, WABKAKRERZ n B3 n #n BERPIRE. 7E1X B EHZS B — A PLUEREsE
MBI GEZS AR 1.12) o FEERAN RS R EEREH TR ERRER. BN
AT LA A B S A S T, Bt DLR R VR 2 LS FH

def gcd(m,n):
while m%n != 0:
oldm=m

34

oldn=n

m = oldn

n = oldm%oldn

return n

print gcd(20,10)

RO B N TR OV R 2 80E0 207 BRI ER VBT SR A4

o T 6/8 XAIEL BRKALEE 2. FATHEE ETFRINBRLL 2 553 7 —4> “Hrn
#”, 3/4 GEBIEE6 5D -

def add (self,otherfraction):

newnum = self.num*otherfraction.den + self.den*otherfraction.num

newden = self.den * otherfraction.den

common = gcd(newnum,newden)

return Fraction(newnum//common,newden//common)

>>> f]1=Fraction(1,4)

>>> f2=Fraction(1,2)

>>> f3=f1+f2

>>> print(f3)

3/4

>>>

A4 1. 12 (intro_1.12)



B 1.6 —AH 2 MITEEI HRAK BT

T AHNE, BHEA 2 N EFARRTTE, Wl 1L 6. JATH EARNB R RSP EE—
ANAT U P AN 7 B BLLE B A . B BT I 2B R, A1 502 f1 A f2, X5 1 5
f2 4RIA MR R X N (FI==F2) A NE s, PRGOS AR S TR, X
NSRBI MAME . XD EPAOAEAE LE 1.7 .

Shallow Equality

B
fl

= P
o

Deep Equality

Ea

B 1.7 RAESMEASR LE



FATAT Al B eq JTERESLEASE (LA 1L 7) ——B—MEUE LA, AIFA—E R
TG R AIARSE T e _eq JER T —FER Z RP T bR HE T 5. _eq JHAHLBM AR, #
CAMERE EARSE SR IR, 75 0 3R (3] B fE

TERHEEH, RATEE B — B U R — T, BB B GEDD) BI5E
SEPL_eq ik (ARG 1.13) o FREFRHME, A HAMAHCEHE & nT A M. L,
_le JFERTUHE “ONTETY .

def eq (self, other):
firstnum = self.num * other.den

secondnum = other.num * self.den

return firstnum == secondnum

R85 1. 13 (intro_1. 13)

LK, e R DA ERAT IR 2 h RILT . B TR A e 4
=3

271 R,

IR ERMRAE Python WRFEHISHFFE BN, PR IERHLS J7ik, 155 — a5,
/s = VAR ECEGEH A RIKHI T .

1.7.6.2 4k4&: ZHI1T51THK

B — W IRATE ZEAA-H IS RgAE 57— AN EE . AoE —PNRIR A — N RINEEST,
MBS N R AH LR, BT SCEE4R K FFME . Python 2RREEHE 4 AR SR EIR AT A
FHIE, AT AT RSB RAE . IX LRI HE N R, B 1.8 Wox TN E python £
A UL EAZ B A B R IFRIXFE ) — DMK Z RGN R Z . B, FIRERITFEAI—1
T, X, BAOBRIIERNTHR, AFEANRK (EEVIRTEE. FFEIR) . BERALRHLT
A& KR FR (the list IS-A sequential collection) . IXEEBRZFEHIZR MA 5 EE 4K 7K B E I EAE 7
H, BPESEEECHE FHET AR GERE. EE . REIE .

Python
Collections

Sequential MNon-Sequential
Collections Collections

5

| list I | string I tuple ' l dictionary |

A 1.8 python &£& KA EREW




AFEERRMEESIER (ist) . Judll (tuple) MIFFFH (string) o MR TAT— 7 T4 K LB}
MURFAE, 53— 5 B IE AN A AR N B X 73 B ©, X =35 Ak 136 A i KE 21 235
1B, (HE, el DRI, XAETHIER G A,

IR 2T ARALEE, R R HiAETE 5 RV S A ZRTEATY e, LU 2 W is
ST, BRAN, IR R BT ORGSR, BATAT DUSE S 3h 1 A7 AL 1R 5% 28 DURCEAT Rt
HEIMREIR.

N T PIRBEIXFIEE, BATREE DB, ARES T ERORER . 2481 (logic
gate) AEIX MR I FEAKY A . XLl IR RARRAT R A A A T e &R . — R, TR
A AT E A T AERGR T4 E R AE . 51 (AND gate) 5 IS, & NERA]
P 0 =i 1 RRIREE 5O o i A B 1, W2 1. 8, mRMAEA —ME 0 5
BN 0, MakHZ 0. BT(O0R gate) FFEAPIMIANG, WRBMAG — 1 B8EPIAAS
&L okl 1. RAAEPANRARE 0, 48R4 % 0. JEMTINOT gate) HSHEMAMTIARKZER
AN, ERL SR AR, IR O,

MZERA 1o B, fN 1, WgERZ 0. B 1.9 B8R T H—ANTWIRENRE. B—N1H—
AN ST LA T R AN —— R

B1.9 =fIIHHRBERR

I 4 A IS R RZ AT, FRATTAT BUS ] — 2 A AER A i LA 2 AR T RE (1 L
110 B2 —NEWASETT. — I — AR S r s . BB A 514 S B R 1 4 B
1, BT R A R HE R ] R EAT — A AME N B AN AT (B STTEPD)
HEL P E R RN RS EAR T . ~fl L 1. 10,
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N1 DA, BATE R ZME - MZETTNERR . EERTTRE S P RUMKE
& OLE 11D o FEJRIREHIFI TS, 231K (LogicGate) FREHITN B HFFIL, RIAT
—AMRERTTR AN . TORER — SRR T AP SR, A N S KR P A
Nuiiff)e AT, B ADTEAA R HZ IR -

Logic Gate

~

Binary Unary
Gate Gate

AND OR b ®

B L. 11 ZETTRHER ERA

FATIUAE T AR 3 ILIK) LogicGate RIEH I IFUAHATR T WIRTHTIE, & 1TEHT—
TR SR IR ST AT . Bedh, BADEHEINEMR D TTRI 868 XA TTRRIREE

REAIZHR PTG B0 53 Ah— BT NSRS E I R BE 7 X BRI TARYE 24 A (0 A\ 3T
G, Oy T AN, TR E ORI B R A REWE T RO E R T IE R
iBE. AR 114 FIENTER T AR,

class LogicGate:

def init (self,n):
self.label = n
self.output = None

def getLabel(self):
return self.label

def getOutput(self):
self.output = self.performGateLogic()

return self.output

ARG 1. 14 HK(intro 1. 14)

IERS, FRATFEASPAT performGateLogic PR%L, FARMNTAERNEH TR EFMITE
FEEERAE . XU 2 A S ET AN Z A EI T, 32— AN SRR T 17 % 5
AR, RNES —/MEMH T ARSI T . S50 sel £ 2L bRl 1R XA &R —A 91
o ARTH N Z 280 138 45 1] X 7 Z44T performGatelogic B%, ‘& {0 > 7EE 24 X i 4
Mo —H5EM, T80T DERAEE Mg A E . XF e DA R ILAZ I 2 2248 I HoR 75 B4 AR 2R B 2
ZER BRI BRI BE I B8 705 PR IAEAR RS SR Ut 2 AR B2 .

FATFET S AT OB E X 28R 1 T 5. ST A WAk s AT, AR A — &g
H147. BinaryGate 25,2 LogicGate HJ—/ANT2, M H &N &HiH4T. UnaryGate th /2
LogicGate [ T2, (H2 XA~ N r. EIEN BB G IR, XETERNWBERN “HEIE”7 . B



PABRATHE AT I 2t S i X — AR .
class BinaryGate(LogicGate):

def init (self,n):
LogicGate. init (self,n)
self.pinA = None
self.pinB = None

def getPinA(self):
return int(input("Enter Pin A input for gate "+ self.getLabel()+"-->"))

def getPinB(self):

return int(input("Enter Pin B input for gate "+ self.getLabel()+"-->"))

ARG 1. 15(intro_1. 15)
class UnaryGate(LogicGate):
def __init__(self,n):
LogicGate.__init__(self,n)
self.pin = None
def getPin(self):

return int(input("Enter Pin input for gate "+ self.getLabel()+"-->"))

fH5 1. 16 (intro_1. 16)

AR 1. 15 FIACHS 1. 16 AT 7 IXPIAN K. IXLERAIMIIE SR ARTT 6 TS0 T4 FH A e i
_init_ JHARSOMIE ARSI . 281 — BinaryGate SRR B %, FATE S B4
AT M LogicGate 4k/K MBI, XMIELL T, HIRITIIREE . ZJRiEas kst 2
7 (pinA A1 pinB) o X2 — NIRRT 2 HEM I 24 158 T (0 AR AR . 7 i 4%
i E YT A SR MG AR R 5 R R EA T B S iA X FE R EdE L.

Python i&F —/NeRAELH4 N super, X2 — AT LAHRARE S QMM A IR EL. X2&—1H
RIS, WA, TS AN EE ALK . HERRATAHE R TR IX AN
PISE. HnfERAT LI EE 4, LogicGate.  init  (self,n) ALy &l

super (UnaryGate, self). init (n).

BinaryGate SRME—IHN A —MEREZ NPT R BAAT R EMERIRE T T IXEAE R B S LL A AT
8], PAUER 7 5 2R ALl — M A B BRI Y EAN T, [FIFER AT IR th Kk £ 4 UnaryGate
Frp, AARER RSP HE —FRAIT.

BEBATE 7 — MBS AT B AT X T E 2, BAT1C & n] LA i B G R RAT
NHFRFRZ . i, BT SITAEM&HKAIT, AndGate 2] LIE N BinaryGate Z51— T2,
WFT TR, MG RR s —47 1A i A kM) 8% (BinaryGate) , MR, ‘& XA B S IR K
iEds (LogicGate) o VEXE, [FJN AndGate ZR4k7K T W Z&MINAT, —2kHHATHI—AM5%s, Frble it



AP B FTH A -
class AndGate(BinaryGate):
def init (self,n):
BinaryGate. init (self,n)
def performGateLogic(self):
a = self.getPinA()
b = self.getPinB()
if a==1 and b==1:
return 1
else:

return 0

ARG 1. 17 (intro_1.17)

AndGate 5 Z8 INATME— I ZR PE 2 — DURFPIRAT A——PAT Z T IR A 7R . X BLRATT T
DL AL performGateLogic 7L TT o XTT—AN51T, XMI7IEE L5 2N NE, Y
PMEARE 1 BB fEA R A 1o AARS 1. 17 JB7R TIXFE— A8 8. A 7 B AndGate ZEHATHY
ROR, WATATLAGIER S, SRS R R . R T AR SRR 2 — N 40N gl 1) AndGate X
%, XH, gl H— MWL “617 o JIATAH getOutput LR, XRE LSV EM
performGatelLogic 77y RAHMN M) ) P & N1T . — EAERRAL, 1Bt & Bk,

>>> g1 = AndGate("G1")

>>> g].getOutput(

Enter Pin A input for gate G1-->1
Enter Pin B input for gate G1-->0

0

ARG 1.18(intro_1.18)

FIFER S ARt AT OS] T El T TAIET ] . OrGate ZStH A A& BinaryGate f{)—1-3%, NotGate
TNREY 78 UnaryGate 35, iXPHANRER T B EATH 1Y performGateLogic PR, KNIX & EAIH

RERAT N -



N, AT AN AN H IR S I A R, SRR BN T SR T
>>> g2 = OrGate("G2")
>>> g2.getOutput()
Enter Pin A input for gate G2-->1
Enter Pin B input for gate G2-->1
1
>>> g2.getOutput()
Enter Pin A input for gate G2-->0
Enter Pin B input for gate G2-->0
0
>>> g3 = NotGate("G3")
>>> g3.getOutput()
Enter Pin input for gate G3-->0

1

15 1. 19

FEARFRAT O 542 7SRRI 1288, B IR IG5 2R T . dE2H KT E
AT TG ERER, b= RS RRAN D — DTN . N T SZBX AN EE, A
BHAT—ANHZE, 14 Connector

Connector JIFANE T TTHIBN RN, MRERL w2 HEHTTE LE 1.10) o XFRRRE
T R+ BRI SCR, M “HAS-A” K&K, RIAR4ERRR. fFEXRE > — T2
(f) “IS-A” K&, WEIGRRICR, 25 TR E5SCEIMBIE, W UnaryGate A1 LogicGate .

from

B 112 EESERE - NMIREEA —NTRRA

BIEA T Connector K2 Ja, FAMGE “HEAUAKZHT]” BWAEIERES N A T1M%
B, (HEIFAE T IR FEBRTHRIIRE, 25 “IS-A” KRE (QRKFR) 5 “HAS-A”
(AREA R R 2+ EEA,

RIS 1. 19 /R T —A Connector 28, SN A AT I2RAISLH], FEREASLE &R AT 2
{E°8 fromgate BX togate, FREARELIRMEMN—NIIMEIH “U” ANA—DNTIREIN . EELERIR
5%, setNextPin 42 T4 HEER (LR 1.20) o FRATEEIX A FERMEB 124, DUE



> togate HRREWGILEFEAE M NATIE ik
class Connector:

def init (self, fgate, tgate):
self.fromgate = fgate
self.togate = tgate
tgate.setNextPin(self)

def getFrom(self):
return self.fromgate

def getTo(self):

return self.togate

ARG 1. 19 (intro_1.19)

£ BianryGate K7, AL THPIRMANAT, MIEHES N RER %, WRMFTHZTH
[y, BATERINESE pind. 2R pind CARILMERER T, WAVEIES pinB. BESLH ]
s, /BT K HESRIAAT -
def setNextPin(self,source):
if self.pinA == None:
self.pinA = source
else:
if self.pinB == None:
self.pinB = source
else:

raise RuntimeError("Error: NO EMPTY PINS")

ARFG 1. 20 (intro_1. 20)

BUEESRATT AT AP 5 153 S5 N K . — Rt g i AR &R P AR 3R, o5 — o A b —
AT R AR IXB R getPinA A getPinB JrikthilbATiE Aot (ARG 121 « Wl
MNLBAEMATHER: (None) , B JEOR—FERR I AN Bctle s W SR T ek, s
1247, MMM fromgate [ (E BB B0 R . XML B PATE RS . XMERE—H
HE B PTA 5 N E AR AT B B m B B AR el R R ) T o T s RN EL. R TS



Z, HEHBRIEEAT, KRB0 T 5 RAT 2 5 )t A
def getPinA(self):
if self.pinA == None:
return input("Enter Pin A input for gate " + self.getName()+"-->")
else:

return self.pinA.getFrom().getOutput()

ARG 1. 21 (intro_1. 21)
NHAES Fr BESEIL T B BOITIR B 2H 5 2P R R R

>>> g1 = AndGate("G1")

>>> g2 = AndGate("G2")

>>> g3 = OrGate("G3")

>>> g4 = NotGate("G4")

>>> c1 = Connector(gl,g3)

>>> c2 = Connector(g2,g3)

>>> c3 = Connector(g3,g4)

15 1. 22 (intro_1. 22)

PS5 (gl M g2) M &R 5ek1] (g3) MHERE, 1 g3 MR 51T (g4) M
o wJa, ARTTRA A E SR A B R T E . Bl

>>> g4.getOutput()

Pin A input for gate G1-->0
Pin B input for gate G1-->1
Pin A input for gate G2-->1
Pin B input for gate G2-->1

0

fRFG 1. 23 (intro_1. 23)
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class LogicGate:

def __init__(self,n):
self.name =n
self.output = None

def getName(self):
return self.name

def getOutput(self):
self.output = self.performGateLogic()
return self.output

class BinaryGate(LogicGate):

def __init__(self,n):
LogicGate.__init__(self,n)
self.pinA = None

self.pinB = None

def getPinA(self):
if self.pinA == None:
return int(input("Enter Pin A input for gate "+self.getName()+"-->"))
else:

return self.pinA.getFrom().getOutput()

def getPinB(self):
if self.pinB == None:
return int(input("Enter Pin B input for gate "+self.getName()+"-->"))
else:

return self.pinB.getFrom().getOutput()

I 1. 24 REBHIZHE Bk

2 77 VR,

1. GIE—NERDNHZEITNZE, — N NorGate , H—Nfff NandGate. NandGate &—1>
AndGate % AT ERE —A “JE” [T Not; NorGate =& OrGate %Ay —4 “dE” 17
Not,



2. BIE—ZRFIAT], WFHTHEMZERNOT (( A and B) or (C and D)) 5 NOT( A and B ) and
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Lo AREER T B AT — AR 2 5050, AR, B2 A TE AR S 2
A2 G ABATIA 1 X 40 FF 2R 2

2. NHATIK PRI — AN E 440

3. NARTRIZE TR e G R — N E AR

4. HX—=mREBMNAE, W2 B IR e AT

Yn R85 S

1. PAT—AFIBTTIE getNum Fl getDen, LLIR A4 145F F1 45 B,

2. REWHNTERMA LI GE R R L. 158K Fraction JSMMIESS, ik GCD AT LA
KBTI EAT 205y o FERIXERE add R EFEERITAS . G T % EE .

3. PUTEI TR AL FEE(sub_, _ mul |, 1 _ truediv_ ).

4. PATEITHIRRBERAE( gt , ge , 1t , _le , M_ne ).

5. 1B fraction ZEHIMIERS, fH'CREMASE DANE B0 0 TR RERR B EL, IR — 1A
&, WH raise EAJMIH 75 .

6. LEAEE UH AT A ECE 74 T RIIES B, 58 7/ B00T g S 30— B8 ¢ R AV 1
. JEEORUE, XA ERBRE . B SOIE R, RS B, RS R
YEHRBE IEWIEAT -

7. MWZR_ _radd Fik. EM_add AHARFE? HHAREFERE? $h47__radd .

8. HEE LB, AdXX%E  iadd  Jiik.

9. H8ZE_ repr Hik. BA__str HHARFA? AR EFHEHS? $4T_repr_ .

10. #HZRHABIZIEIT (n NAND, NOR A1 XOR) . 4EEAIMANLAEZH gt . VR EM 2/ DE SN
fig?

1. R BB g, 15 RIS .

12. WAEY B BT R IFiEiT —1 8 bit Haing.

13, AR E/RHBL RS AT . Bea)iGii, A — AN, NitESE, %
MNABEBEAT 13, X ARt 4 F 31— s i (o 2 . XA R — BT, BERRBIFHEEH
SRNFRESNE . B BEOsT ], DUER T IEAIstT, BB M N T AR 1

14, BEi—NFERRR B . FPEAN RIS AT VR B 2 X R 4R RBLHT 2K o

15, MHRAC_ B3R —ANHomiiExk, 5—MREFHBIRE.
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2.1.Hbr

o TR SEE S A 1

< BRIEHIR “07 FoRidoldthiiR Sk AT I (8]

* T fRAE Python B AN SRR il I E R OR “07 FRRIEFRIRMATIN 7]
* T Python HHE S A IRy AR SE NS S 43 BT 1A

o 7RG £ # A Python R HEATIAAT BRI AR DU

224 4 H Ik

TR AR 2 F K H R S AR IR TR T R R R R A
L, JCHAR LR BRI . — NHBI I T, PANE R A 7] 1R P PO (5] ) 0]
i, —MEFET A

N T RIEIZRA A, BATH ECER S, BEME RN AREAEEE . A% 5
TBATULE], SRR i R R (8 1 02D (R 2 IR o IR — P REMA DRAT: A0 17 AU 451 (4 74K
tetngs € —MREERA AN, Fakae- AR R, NS —T5mE, —MEFRAZEMETLE S M
W JE L. [ —S0E I A R R 7 R AN R R FEiE 5 Ber EAR B R T

NBE— W RFOX I ZE S, 5 P U N R R IR XA s ik 1 — DA L, T
SR n AN, A SEAE A T MR EDY 0 9 BN E MBS . T R PTIX n A
B BRI E A

def sum_of_n(n):
the_sum =0
foriin range(1,n+1):
the_sum = the_sum +i
return the_sum

print(sum_of_n(10))

AR1G 2. 1 30 n NIEBEORM (activel)



BUEE M) foo MAL. FIREZE —IRE LE AR, R DUWEIRSKI, ZAmEh
KL T RE 5 2 BT AAS 2.1 TR BUE AR . B AN KRR 0 B R R R 2 i . AT R 47 (22
HEar ARG g, JF BAE B R A 12 R e E A .

B B AT HATR R A 2R MEF TR FRIGTIRE Qb Rk
DA, A sum_of_n BELH ELL foo BRELTE LT, SEPr L, FEVRIIMAENTTURAE LR AE WAL IR
ZIXFERIB T, BROAIXESIRAR R H bRz — b A2 # Bh /g 5 SR TSk (g

ARG 2.2 FB—PHET n NEBEFCRA (active2)

def foo(tom):
fred=0
for bill in range(1,tom+1):
barney = bill
fred = fred + barney
return fred

print (foo(10))

Fio BRI, 73 TR, A1 TR R PR ORI, (TR 0R TS ST LA Ak 5%
G R AT N T

import time
def sum_of_n_2(n):
start = time.time()
the_sum =0
foriin range(1,n+1):
the_sum = the_sum +i
end =time.time()

return the_sum, end - start = the_sum +i

SR M B A TSR SR IR A FE AR BRIV IR BB S o JRATTAR B0 Ay i A SRR O HL A
IR EE G, B R AR Ffn] DU i ROtR A T SRR B A B IS A
FE, EIRPAS by EARIEAAF ), EATHERA 7 FEI SR M P RO RA [



M i b, BAERANTEE RIS AR AR AR EE . ATk
KEMC . — MR IE IR R 1] S R o 75 EE A S R B A7 o [ R R 5 5 Pl 7 R A S )
T H AL R AR SR OU IR Y, PRI, SRR E A A RRE SRR, XY, AR E
RN R TP AR AL

PR R T3 SR — AT A, BATHT LU S AT B i i (R A A B SR o IXR A
IR O SIEI AT I )7 B “IZATIS TR o BRATTAT DA sum_of_n pR BRI AT I [ ) —Fh 5 ik
FEMIEARE ST o TR BATTRE IR P Az AT 45 I 75 ZE A0 (] £E Python w1, JRATTAT LA FE 3K
ATAGE FH £ 28 GE3 1 A R T 463 I T R 5 SRS TR DR AR A bR E BT — R £E time BB —M Y time K]
PR, B REIR [P R R A RS s LARD D BLRL P 2R 8 24 Tl AN 10 o e 3 A T e 0 5 RIS 749 8 PSR A R
K, RJEVHHEPIRIN R 2 22, JATTHRT AR BIRS# 2D CRZEUB O E0 . s T

XA 7R T AEJR UG sum_of _n BREKI SR AN ET IS F B R A OB . XA BRBUR 81— AN I8
WM, AFE B At B TR A (LR AL o IR IRNTESHEATIX AN REL 5 R, FFRER SRR 1
F 10,000 FJ B, FAVS BRI R F:

>>>for i in range(5):
Print(“Sum is %d required %10.7f seconds”% sum_of_n_2(10000))
Sum is 50005000 required 0.0018950 seconds
Sum is 50005000 required 0.0018620 seconds
Sum is 50005000 required 0.0019171 seconds
Sum is 50005000 required 0.0019162 seconds

Sum is 50005000 required 0.0019360 seconds

>>>



>>>for i in range(5):
Print(“Sum is %d required %10.7f seconds”% sum_of_n_2(1000000))
Sum is 500000500000 required 0.1948988 seconds
Sum is 500000500000 required 0.1850290 seconds
Sum is 500000500000 required 0.1809771 seconds
Sum is 500000500000 required 0.1729250 seconds
Sum is 500000500000 required 0.1646299 seconds

>>>

BATRIIXA BEAE S — 0, PATIXBACIE -1 75 2 0.0019 Fbo R4 SR BATER InE
100,000 2= /& A FEIE ?

SMRIRAE, RRISATAT RN R EARE K, HAEE —2, PN 10 £, #t—2 EnE|
1,000,000 A5 H).

TEIXFIE ST, TR A TR 22 BT 10 4.
BUTE % P8 PR MR, TR T — R sk ) B R R 7 . XN BB sum_of_n_3,%
FA— AN PR | i = 20D g e i AR BN E] n (.

2

def sum_of_n_3(n):

return (n * (n+1)) /2

A 2.3 TTEARMN



WRFATH sum_of n_3 MIFEFERIFEHERI, n & 5 NAFAIME (10000,100000,1000000,10000,

000 A1 100000000) , FAIERIFILERUF:

Sum is 50005000 required 0.00000095 seconds

Sum is 5000050000 required 0.00000191 seconds
Sum is 500000500000 required 0.00000095 seconds
Sum is 50000005000000 required 0.00000095 seconds

Sum is 5000000050000000 required 0.00000119 seconds

Xt BATH ZOGEN RS . SR, XA EARBAT I E L AT ) T #R AR o 2R
= ANE n BUEZ BT AR — B B L& sum_of_n_3 IZAT I A] J LA 52 7 2R A
A

{HRIX AN SEHEMNA R & F 7 3RAMT 22 B, AT UG 2EREE BT T HE 28 T
1B, PIA—LfE i DIR E BT, XA e B R Km0 R . thak, IEAREERT T2
BATH AT Bt n AE RIS KM K. 2R, 0F AN, R EATEA R T LZETH
FR A, B A RNREES, RATRSEEARPLESR. W ITENLEZIH, 817
sum_of_n_3 W] Ge ik 75 5K [ [a] o

PATHZ L (755 R AT R RIS AT RO 1] FEAENNREOR T DL S A s AT I e, SR E JF
BOH BB — N RS R bR . BOSX MR T RE LS . FEFP . IS BL.
PEERMGARTE S o MR, BATHE—DARBRE B0 AL 3R bR . XM BRI A BT
FIMTRIE S, FFH AT DUTIR BB S 0 BAR S

2.2.1. K “0” Rk

AT AT I TR Bk S7 T BARFR P B LI FE S R AR 24 id — AN R AR mT, 1
SE XA G T BB E RO PRI R . R NP R AR R AL, A
— AN RERIPAAT I 8] FT DARAE DY E MR R — A BT 5 B R i — S d R A TR
—MRE R, JF HIE B T Sk B AR R EREAT I

DIATECEL FR JUANSRFNEERS . Geit AT SRATR IR AR 15 A IR BRT R e — M UF I B AT & B
fii. £ sum_of_n &+, TREEAKEER 1 (the_sum=0) J1_I n (FATIHAT the_sum=the_sum+i
RIRED

TATATLAH = T R EOR R R E A EE, 0 B T(n)=1+n. 285 n — 4R “ R B
FURE” Bl DLE AR Y B — B n, KR n+1 SPERE DR ), BT AR ZE I ) T(n)s

FERT— 1945 H BOSRAN R b, FISRAN A UEOR AR o) A A AR S 2 . mT LAWK AT 100000
IGTEE A I RS K SR T 1000 THRE S, PRI, SRR K RIUASE fid R 55 NS [ 2 AR LU SR /N 2 2 —
S, AR ATRATIN B AR 2 SRR 7 A2 4T I (8] o] B 5 ) A AR AL o

TR 2 SO IR EE D T BOR AT 1 OG8RI B0 T T(n) R B RZ R, JF
AGRFELE 5 4% EHA (R AE A . E 2, i BRI, T(n) R B —E LT



s 1 AT X TR BN . ek, XA AR IR > IR B B AT B BB R
FIARAEA 2R n SN, T(n) BREC P I B PRI R 70 o IX AP B ZpR B — AR R “0” For
%, fE O(f(n)). EFEME 7 IHE IR s SERR B BT AUME - PRIER f(n) 2 SR 46 PR AR T(n) b 223 8 23 1) ]
IR

FE ETHGIF . T(n)=1+n. 2 n BRI, W8 10T HUR M2 RORUTBORB A E 2. iRk
A7 2 T(n) I AME,  FRATAT LLZIS WAL 1, ELHEGACA T(n) IS AT 82 O(n). EAFHIFIRE, 1
XF T(n) B SR EEL, (ERE 2 n HEINBNROCK;, 20 145 2 A BME IR .

H—T AR FIERE LR BRARE B2 T(n) = 50 +27n+1005. 24 n AR/NIF, Iy
1802 I, H% 1005 LLF-3 s EGE B EEAER] . (HA2 Y n BSRBORIS, n? TN 2 5 2 H01EH
SEhr b, 2o AEFORE, HRPIIUN TRAWSROCETRARE T 5 LM FHEL, 24 n ki
ORI, FATHAT LRSI ART, RO sn? RACK T(n)BEEME 7. FIFE, R%0s iR &tk
B, AT LA . FATHL S YR EL T(n) B f(n) =n?, BT O(n).

S R T SRAT B0 B R B A AR BIL, (E AN T30 A T A I S PR AT I TR B vk - L AR e
AU R . 6 T IX M, BATHE AT PAT I BL 0 i RO, BRI LA T2
B FEARE MR R S M RERE P PATIF DU, Rl RSB SR 5 — A F R Bt
EHRAX N FIERTPATE O AL, KRBEIEOT, SRR MHATRH LS T IRk
Bl 18], At PO, R B A RIS DL B R 2200, AR R LR R DL R 3

FERZJE NSRS, RS ANB WL BIFR 2.1 Frons (% WA R E. 1 ik 3 L bR A i 4
£ T(n) i £ SRR, BUEAE n BRI EATEAT B

f(n) [E3E:1€
1 AR AL
log n ek A
n AN PR EL
nlogn A H ek #
n’ IR
n® =R
27n AT

FIE21LERRBK “O” RRE
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40

o

20

logarithmic

0 2 2 A
Q 2 4 & 8 10

H21 glXK “0" REHES®R

Bl 2.1 23K 2.1 i R B R . VER R n RN, B B S X7y, RXEDHE S £ 5.
SR, 24 n BRI, BLREMUEE RN R A, 1R 5 HEAT LERL.

wJa fAE A, RN AR PR — A Python ARUBS B, o« RAERXAMERFSEIA T4
ATIRE, (HEETR SN AR HEAT AT 20

for i in range(n):

for j in range(n):

X=i*i
y=i*j
z=i*j

for k in range(n):
w=a*k+45
v=b*b
d=33




75 2.8

HAMTRI, ALFEAE BB NI 55— THEHE 3, RS =AIREER . 5 302
3n?, BUONIREIZAN (LD T =ANREER DB EE AT T n? R =002 2n, FxM
MRAETE AW ERHAT 7 n Ko e — TR HE 1, AARRJEIRETER . JATEE] T(n) = 3+43n
+2n+1 =30 +2n+ 4, BERFEHORN, FATERMBAIL 0® TEE T, 24 n BN, ARG E 00 &
KRR LS, P BLX AU F BUR AR 22 o(n?).

FO0 T

600 I

500

300

200 |

linear

0 2 4 [ B 10

B22 ERHKX “0" RES T(n)REHxLL

2.2 FRFE KR 0”7 RES AT B 2 T(n)BEAT LEEL. E2H] T(n) B £ b =R BR FOR —
oo AR, X0 ORI, =ZXEREARPUEIL 1 T(n). AXERDL, BEE n 89K, T(n) ek EoloR 6 —
B

N T

1905 WA Python BECEF I — MR AP H/ME. BRE—E 7R 1A RS HAL S E L
B, BELE o(n?).BE - HEEZE O(n).

2.2.2 A% A7 1] far P

28 L1 - R B A S RS WU 7] 830 A LA AN R B 2 R AR ) — N ) . R — AN R R
BN TR R ETHIA S, AR R BN . i, “heart” 5”earth” B AR
i, “python” 5”typhon” L B NN/ . A T Tk @, AT E M B K777 S K EAR R, #2
26 NINEFEREH . BATHE ERwS — N2 FH, REIEMR, ARREEE XA AR /R
PR

% 1. K AARid



AR R ) PR B — AP A B S AT S B AR AR AR SR A A R L
WERAEGAE R — NP RS L i, AKX TR R oA BB bR — DA
LRFEE None RACES, fED9ARC. 2R, HTFRE AT, HRZHEE AP AF AR — A4

def anagram_solution1(s1,s2):

a_list = list(s2)

posl=0

still_ok = True

while pos1 <len(s1) and still_ok:
pos2 =0
found = False
while pos2 <len(a_list) and not found:
if s1[pos1] == a_list[pos2]:
found = true
else:
pos2 = pos2 + 1
If found:
a_list[pos2] = None
else:
still_ok = false

posl =posl + 1

return still_ok

print(anagram_solution1(‘abcd’,’dcba’)

FIF . TR R TR ESIR I TR R R, IR E], B None AR Ll
Frid.

75 2.9

AT R, FATEEED] s1 P n DR MR TR — MR IEAE] s2 51K
n NFERRIIER . CERERIAHITEIL) FIR T n MBS 2 T4 —IEILEC s1 A F4F,
MAPAT BHOR RN 1 2] 0 PAK . BATZ AT B e ] U LR



n . _nm+) n? n
=1l = =5 t3
2 2 2

L AZRIS, n? AT n B S REE Sy, R H 1/2 WL . DR, IXANRERY S R R O(n
2),

Def anagram_solution2(s1,s2):
A_list1=list(s1)

A_list2=list(s2)

A_listl.sort()

A_list2.sort()

Pos=0

Matches=True

While pos < len(s1) and matches:
If a_listl[pos] == a_list2[pos]:
Pos=pos + 1

Else:

Matches=False

Return matches

Print(anagram_solution2(‘abcde’,’edcba’))

ARAS xxx fifyd—



fifE . HEP HERLE

A s1 A s2 FEAHIE, (HA AR EAT—E B E R — R TAR, FMAX 45, JATH
KMk BATESM a B 2 54— DT AF AL T RIRF AT HE Y, R EA TR, A
HAVEAGRIPIAE 2 BRI TARF R o BRAh, BRATRT LLSeke 345 5 BN 5113, AR Python HH Y
{1 sort JEXS AR BATH Y . T AU IR T IX AR5 .

F—IRE L RIRTRES NI FIEE 2 O(n), HEsafk e o H i ZE— R 2t n
ANERF . SRR Python WEER sort J7 VAP I JF AR 0 #E. e b, IEanFRAIFE fo T il 551
WO EE B, HEP VAR R 2 A AT A2 O(n? )83 O(nlogn), AT LAHER? STk 11X AN B 30 3 275
MR, W&, XANEEMET R REMIE,

fivk = BIIJILECEHVE

i R A ] R ) S TR )RR AT T BE . 9 1AL ARSI [ R, JRATTRT DA 4tk
g —A 1 s1 T TR ALK BT AT REN A & 1SR, PR s2 RAESIRF . RIS Tk
A WAL BTG H s1 PP RFAURI T TR T AT I, 28— DR n DATRE, S
NFRE n-L BT RE, =N n-2 B, BARSEHE. B AT RE AT A LU n*(n-1)*(n-
2)*..*3%2% 1, WA nl. ERXETRF R — LN R AN, HARFARERATTULE], FrLE
ST RN FR

oz F2Y n AR, nUEK AR 2MEERR . R s1 A 20 MER, BeH
201=2,432,902,008,176,640,000 1] GEF) 715 H o W0 RFATERED BT — D20k, KSR A
77,146,816,596 X ZRTHE VIR . XK & — AT T

LD THECEENE



iR DR AR 1] 1) ) B i — AN TE RIS T AT AR HAA A R B &, MAISCER b, HF %R
(1) ¢ 555 WRIWT A 75 B ONARRLE, FATE ST R PAE TR R R B . T
A7 26 DMATBERTAF, BATRT A A 26 M NFIE, ST N — 747 & 38AT
BB AT, AR AT B — . e, RPN TR SR AR, X AN A
FEALAE o N TS 1 IR Tk

ARAG xxx HE LB

Def anagram_solution4(s1,s2):
C1=[0] * 26
C2=[0] * 26

For i in range(len(s1)):
Pos = ord(s1[i]) - ord(‘a’)
Cl[pos] = c1[pos] + 1

For i in range(len(s2)):
Pos = ord(s2[i]) - ord(‘a’)

C2[pos] = c2[pos] + 1

J=0

Still_ok = True

Wile j < 26 and still_ok:
If c1[j] == c2][j]:

J=j+1

Else:

Still_ok=False

Return still_ok

Print(anagram_solution4(‘apple’,’pleap’))

FIRE, ZXANTTEA SR R T2 —AT5E, AR EARIRER . JIPA T
BT FPRIIEIA G n e TR TAT S a3 26 MATREMI 74T, 5 = BN THEIR TR
WERPAT 26 5. MM KRHE ] T(n)=2n+26, HHE On). XFE, FATHILH T —M#E
PRIZA il AR e B2 E R S



FELEFORAN [ |/, FATHTREIHE — R T RMFROEN, R N IHEr LI
(RIS 18] S FERIBAT AR IX A2 DUE T T #AM 0 22 (R R A7 A P> T s SRR ) ey i,
AR 1 2 1A R e U 1]

KA AR AR Z DL TR T AL I 18] A0 2 18] FORLHT e 3. XA,
AR T FESEAN R TE . (ER AR AT BB P RE 208 LA I, XK — AR A — SRR
PO, BRI, T EARARE FL A R EOR s A SRS IR ey 3

TR

Q-1: AT FIAES BLIR 0 453

test = @
for i im range(n):
for j im range(n):
test = test + 1 * j

Q-2: AT FIAES BLIR 0 45
test = @
for i in range(n):

test = test + 1

for j in range(n):
test = test - 1

Q-3: AT R HICES BRI R O 423



2.3 PYTHON % /& &5 ¥ 1) 14 fe

BEAR KK KK TR 7K 0 FoRikUL R A F FIE R R 20 R 22 5%, AR — W IRATHI B Fn i ok
PHZ LT Python HHAIRAN T SERAFRI K O RARFEMANR . IRJG AR R —Leih i # 4, DLt
oK ) B 7E 25 T B0 251 A P A R AR A SRR 25 AR IX 28 Python B 454 (¥ e 2 AR
FEN), KONBEEBATAEARFE T RAVER 2 > A BR 45, A TR R EATH ZE LA 21
FEART R, AT R B REZ LN RE AT 24 R 8, AR ToRM &, JATRE 2
— LB G R AN R ST 2 PR EATT B R A 2 e R T I S s Iy A

2.3.1 A FE LIST

HEPATHIREAR SN, Python 9GS H AT 2 A7 B LB H Y. X7 b R —4
HON PFRISAT B L AR . O T IR R, AT IR T AT e i A58 B 2 R Ml 454
W, e EMATNFIREETB, o BRI AER R . 248, ATt R 5l
SN BRI o (H2 B AR AR BT A EE A IR AT 5 R B R SR I e 5
R

RGP IRE DRI ERPIANE LERE, ENERIIRZ R, BAEERKN M. =
—NERAE I BT SR KRN, AT BAERE 0(1).

B=ANEEE AN EERL T R —AEK. XEFHMTREER—NEKAFIR. KA
F “append” #AEERE B EHEHEST. XA “append” BAER O(1). R, HEEESTRE OKk), XH k
SR IR ERE IR/ TR B2, ROy EEE TR R TR ] DUE R
JF 5N 2

AR — FUMA R R T 2R A 0 2 n FF13E. B, BT for PRIMRIEL R4
AR, IREEATATELA “append” AU B IkERAR . FETROR, FRATRT DU B R MM TR £ B —
MR, fa, WMVFRRVIERINE, BEPIREMR VIR “range” KITIRE. T ER T
AR AR DU T i AR o

def testil():

1=11]
for i in range(1888):
1=14+[i]

def test2():
1-1[]
for i in range(le08):
1.append(i)

def test3():
1 =1[1 for 1 in range(1088)]

def testd():
1 = list(range(1e88))



N T SRIEATRE P AT Fr s Z2 AR, SRATRG 251 M Python H1 Y timeit BB, XA timeit AR
FERLBCUT BRAE — NP EERUE A B, RO S5 LRAE R GAR U TH BL], ik Python [
T SEBLES T G 1247 I TRl R

AEH timeit BEEL, ARTEEQIE— Timer XF %, XX RS HEH A Python iBH). H—A
SHGERABHATIFI ) Python 154); 88 = ANS UL B IX RIINAARG 2T B ) . timeit B
B R ISATIX AN ER)— B R L R IET (A, WA INEDR,  timeit BEERIGERIN ST IREE —H Ji
Wo BATER)G, Tk LLF S EEROR BIZATHRER (R B o (B2, mTERNETE
FI—H TR, ARPATRET — IR, BR[AI S5 R DUR A AL B o AR ] DATE timeit W B E—A>
20 number FJZ 4L, XFEAREE T UFE E RE PR AT IR B T BB R om0 AT T R — AN R 5 3T
1000 X, 4370 5 EEAE 2 BB [

import timeit

from timeit import Timer

t imear | L f M ] I

print ("concat ", tl.timeit (number=1000}, " "y
2 Ti test2 ()", "from _ main_ s

pr i d ", t2.timeit (number=1000}, "millij "
L3 o - Ty m [} [ = J— s AT P — | b TWY

1E BT SEEe A, BATTEAT RS A2 A R R testl O, test2 O, 55, XPMREE
AR RS LR B B, FTRALIRATTE NGB T . RATHEXT from, import WEA)+ 4324
&, (HXANMEA)HF 2 HTE Python F2F AR ko EIXMEH R, from __main__import testl
EXAMEEPERE  main_ #4425 18] 1 BRE testd 1 2 Ak AT I IR0 300 & 1 2 571 timeit iy 44 45 1A] AR
%o Timeit BEPUIXFEOR DUAE f7 SRR RS BB ThIg AT, XIS E R IR T 5E O A4 R,
B A, BT RE LASE RS T TN 7 SO RAR P IS AT P2 AR TR AR B AT R R

M BTS2, AT LAE 2B B, BATIAI A 0.30 ZFP (1) append #4E ] B R T 47 0
[0 6.54 ZFP IR ICERE. /£ LIpsEie, BATERR TalE—1F1% Uist) BIRFAESMG T
X WA range HATHIRAGIEFIFIRMES . RAVEE W RIFIRHME T 10 H R E 2 RLE for IHHFIEA
append HAEMPIFE

RTRADNER R e — 8502, EHIRATTE IR A2 T e, SR 1705 s
FAEZR IS 18] (EBRATAT LIASE, AR DURME I A, Ui 3R AR A e 22 A I T2 SE A Al R AG, ir DAFR
TR DU A A 3847 I TR A EE B A R LR EANREARERR I Ul th R IRV EFERT 6.54 228D, NiZ Ui 43 Bk
BRI R EET 6.54 280 19k >), URATELIN BRI A — A2 s B AR S A I [a], RTINS TR]
MBI AT S5 R T2



BEARERATCZ TR T W A AT BRI &, IRAARAT LA B3R 2.2, T RITAT BI R AR
TERIR O R . AEARM R 2.2 BATAFAIIE 55, FIRESS pop HRAF I NS [F) AR IR i) & 1) S 2
2 pop #BAFRIRM IR e — MMBR TR 22208 0 (1), TSRS — Ao R s R
M ERTCRMBRE, RN O (n) o XFHERAFRIEE R H Python X AR HIIAT 7 3
JEHT. £ Python MUPAATIERE A, 9 MBUZR I — R B — N oeE, HJE iR — A7 Z#K AT Eh
L. VRATRESE XA RAFIR B IR, (HARFAE EIRE 2.2 Ja 2 KIVZ A AT 7 il index Z 5l
BAFRERER N 0 (1) o XMISATI (8] BT 2 Python $AAT# AN IE B e 24 Y

Operation Big-(» Efficiency
indexx[] 1)
index assignment 1)
append 1)
popi) 1)
popii) O(n)
imsertii.item) n)
del operator n)
iteration M)
contains (in) Ofn)
get slice [x:y] O k)
del slice O(n)
sel slice O(n + k)
reverse O(n)
concatenate (I k)
sort inlogn)
multiply Oink)

Table 2.2: Big-O Efficiency of Python List Operators

N HE P RTEX SR RN Z 5, AEFRAT timeit BUBRIEAT 53— SR8 BATK B AR2 e
A% SELL R PR pop AR RIRBL, B8 —FURAE — A CRIKEZRZIR P MIIRI A I MR TR, 5
TN XA BRI TSR TCER o FA TR AR AR FE BB 2R34T pop #RAERIIS AL, &
TAEEEBI)E, BEE SRR, MIRA SR TCER 1 pop BRIERS Bl REFAGE, TSR
TR MBR TTER B pop 1A U Bl A < 5 R 38 i 2 m «

N HARED IR T S IX PR pop #RAE B DX AT I R I — AN 2. IEWRAME — AN E I
HIAREE, MANEREMERT pop EEEFERT 0.0003 ZF>, SR MFIRIT LM ERNFER; 4.82 Z2Fp, X
—NE 2 BN JCEBIZR, PR ERERES: IR I A] 2 16000 £ .



pop_rerc = Timer{"x.pop{D) ™,

"from main  import x")
pop end = Timer{"x.pop(l™,

"from _ main  import =m)

¥ = list{range (2000000} )
pop _zerc.timeit (numberc=1000)
4.B8213560581207275

¥ = list{range (2000000} )
pop end.timeit (numbsr=1000)
0.000316143035B88B6719

ST XA, BATEIRZH A ESRERE. FH— A2 from __main__import x iEA). RERK
AIEBA E X — R E, ARFRASRARAE DA m] DA 215560 52 xo 3 Fh o7 48 JAT T mT DA B A
pop #AEHEAT TS, I HATIATAF B0 BA R e R B AU B I 8] . BS D9 it i #RAE 14T 1000 70, B
DL ZiFE 2 FEAE I I R b AT — I8, BRI AR — . (B2t TRBAIRAM E A
JUE, 347 1000 RERVEUED T 0.05%, X PP R ARM/NET, LT .

RAEHE—MNRIEA T pop (0) EEMEMASZEL pop O HAFENE, {HIFABERYIILH pop (0)
HIREN O (n) 1 pop O MIERER O (1) o N TUESEIXANEIR, HATTHELGE ARSI RKER
ML R

pop_zerc = Timer("x.pcp(0)", "from ___main__ import x")
pop end = Timer("x.pop()", "from __masin _ import x"}
prinkt {("pop (0) pop()"™)
for i in range(1000000,100000001,1000000) :

¥ = list(range(i})

pt = pop_end.timeit (number=1000)

¥ = list(range(i})

pz = pop_zerc.btimeit (number=1000)
print ("%15.5f, %15.5f" %(pz,pt))
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| L]
E L
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-
o -..'-n'*
A SR St 2 :
o 20,000,000 440, 0401, 001} RO, NC0, 000 Q, 0], I
List 5lze

& 2.3 pop 5 pop(0) HAEPERERTHER

B 2.3 feon 7 RANTSERRMEE R, ATLLVER], BEEVIRIZHAZ, pop(0) i 7k EE AN 8]t A4
Hn. H72 pop() HINFIAIEIRLRFFIAANZ . AR, XIER 0O(n)5 o(1) FEMATN.

AT )5 22 W] BRI T AT AL L RS AT A HAbdE AR o A FA TR (Rl X it
FETREAE JAT A IS 17418 . R FRATR B s ME TR B A S R, IR B SRR
R MATE R . X A BATZR G TR ——R T3R5 2 (5 B AL R A
BT AE JEE

2.3.2 F i

Python H &8 — A EEIBHR AR 7M. [T, TS IR 2L AE TR 7 2 —
M (key) RUTHIZEH, MAZEL —MEFR. EABKETEN S HZ M IASLIIT L, A
IR ERKNE S, I H U AR A o) B & . 7L/ 55— B EE AR
TERPIEN “B87 o ME - MEREFAET TP HERAT o) a . Hob SEAE fm A R
WMOZAfE £ 23 HIIH. FEEERZ, KR HGE PN R E . £ AL
T, B Ui AREA AT RER Y O(n), AN IR 2 AT B 7T S SE BN A 2B A

7
BIE BHEIZE (K 0 FRiE)
=kl 0(n)

Vil 0(1)




T 0(1)

Lill5S 0(1)
w5 G 0(1)
ER O(n)

Rt 2.2 FHRBERER (K0 KR

FATHI R JG — R SR IR 20T LA R AN T S A SR AR AR o X — L RE P A T 2 e
FIRNEEHAER O(n), AT IR O(1). RXASKIRRE R, FATK AR D BREL (ranged 151
R, RERENER Ny, REHERESAESIRS . WRBATZ AT RCERE R LN, SR
K, T R T A

RJEHATRAE — DU B 7 E R RS .. KRB 2RI E MR ST
SR B AS Z, T ELRDAE T AR, AR T I (] AR AN

N AR SR T IS PR 1R RATSE b RS M R B XAAUNAE TR 7
17, xR, TAESE 9 4TH) x & — 7t

B oo Xt BRI A B & BRAERIRER

Bl 2.4 845 TRAMSE R, WTLER], FHRIGLLFIRDR, TR/ RS 10,000 MEEK
L, FULLb A F R 89.4 £, MEH KM 990, 000 NITERM;, FHLEH 11603 f5! AT LT
B, MEEFIRMIGR, HOSEENTEMR RN, XUESE 7 RATZ 87T H A &
FEAE O(n) e SUbRI, TS a0 S B I R AN A, B 3 i () R/ INAS IR A K 2 bt
Sehr b, 10,000 AN TCE AL S EERT T 0.004 Z 8P, 1 990,000 AN 0 R 1 SRRt T
0.004 Z b,



B 2.4 % HAIATF MO A SRR OB

KA Python & — [ IMIEREHIES, HEEOEHITESMSEE. LT Python MRS
T RE IR B #1532 T LAFE Python W35G B3R E] . XFTiX#B4), Pythonwiki bA — oI [ & 48 FE A 1R
N4, W LLEE Time Complexity Wiki 3k 5.

LVIPN

1. R R ERAE i — 2 0(1)f)?
A. list.pop(0)
B. list.pop()
C. list.append|()
D. list[10]
E.LL B4
2. NPT SRR — AN o)1 ?
A.‘x’ in my_dict
B. del my_dict['x’]
C. my_dict['x’] == 10

D. my_dict['x’] = my_dict['x’] + 1
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2.5 KT
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XFEZRME (D XFE CHDD HEN
KD B 151 52 2 BRI B
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2. SR EACHE BRI T R CR 0 FoRi%) -
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NI B MR 2R Ok 0 Romik)

25 N AR BRI TR R CR 0 FoRi%) -
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BN SRE R I UE SR R 5 1R 2 O(1)HY

Bt — AN SER SR IE T BRI AE #E R 2 O(D) I

BV — AN K LA AR FF A S IBR (deD) IBHFFIPERE
Gl — TS P kNI O (nlog(n)) IS
PREEFEHTTH — b i SE S0 O (n) W2 AR J5 K]



= BB AR R

3.1 ¥ 2] Hix

® R GHEIEIRAL: B stack. A% queue. XUiiBAF1 deque FIFIF list:

@ [ Python FIREHE 45, KSZIL stack/queue/deque Hilt R E U 2 T ¥ R4 75
© [ PR AR S MR S5 R M R RS P U 7k

® [RETSE. hEA R RIER

KPRk stack Xof J 2 a8 sUHEAT SR AH :

KRR stack K 4 Feik AL o JE R 1B 2

KBNS queue AT BEA [ [ A5 40L 5

BEE BT i U250, 1A stack. queue EUF deque FPAMIEIIBIRLE K

BB K F 1 ORI 51 TR OROR il B 6 2 list SEBUARER

REMY LU BE R M S R A SR RE

3.2 fraR& Mg

FEBA VIR EAR S “E 2 2R JeRAE B WA AR R RIS B, BABI, XU BA
), RBNE . X DA A2 & AT e s I s B 1R 07 SR S e S A — DN ITH I, et
TRAERFE— M B A2 BTAEAE (05 J5 R BRI 18] o ARIRE B4R 15 B oh A Bdm
1.

PRAT VR RS A, A, AR Py “ 27 A “f”, B “Ri” M
“JET, B TR R o HSEA T ONELEL, X2 M R A H A 5 A TR A AR 2 AT S A
MERE 730, JCHREE AR R AL E . Blin, A G R W] B VR — s it A A 454
A REZ FO VAN 3 A2 BRI

KGR T IFFEAURL A T — S ey IR S5 I B AT BUAE VR 2 Bk i
JRIR At ke 257 2 22 L

3.3 ¥

3.3.1 ft4&tk?

—AMR CHRAR “BINE” ) DA FES. BT R AR — A7 .
RSB T o A Em TR IR

R “IR” RAIRENER, BT ERR T AR R BT A A Hh A7 I ) dpe K 9 000
BOFTAS N B TUAE RS BRIt 22 58— A BR o XA BT I RO LIFO 3%, & “Jaitsk
W7 o BHEP A T e G AR R R . BOR MIGBEET “Ti” , B i I EE I
“}%” R

EHEARFTEF 2R JUFIrARRT A — 88, Rl LEEs B —4,
FEVRIG T — N NG B FERAR B RIS . N R s — 3P (B3 .« RfA& L —
MABRE I IR W W EE BHART, BATHEERIPERAE B, B 3.2 25— M4
o XAEE—BFIGR Python HHEST %,



Base

]

3.1: HERE 3.2:  python RIEXT R EIHR

B AT I — AN B, SREXT IR AR A2 BRI R UL . BB VRN T AT AT — 9K T3 )
ST A — AR —ARHEAERT— AT b IXRIREAEM R — MR SRR BR BN, eI
B U7 A E AT B R e A e . BRAREE L, BN ATTR] DU T R IR o TBON A
M A R AR B . [ 3.3 R 1 Python Edlxt RIGHAEEIE . SRS RBRTIUN FITE AL, TERXT R
I o

& 3.3: HRAVIEFEME

B SR (T LA — ARG BRI B RO B o 0, 0 B 28 A
Hlo SRR TUR, AL SRR T (SRR SRR ) o 4R IEAESSE Y 20T
HOBCEE “TR”  fRET TR — MRS 0" < S et R AR R TF A LA R O
FERISIA 2

BBRAE BRAE RIEME

s.is_empty() [ True




s.push(4) (4]

s.push(‘dog’) [4,'dog’]

s.peek() [4,'dog’] ‘dog’
s.push(True) [4,'dog’,True]

s.size() [4,'dog’,True] 3
s.is_empty() [4,'dog’,True] False
s.push(8.4) [4,'dog’,True,8.4]

s.pop() [4,’dog’,True] 8.4
s.pop() [4,dog’] True
s.size() [4,'dog’] 2

*3.1: R REERERE
3.4 FR B G K s s A

HRA I SR T th DA R SRR SR . MR GER Ry, L TRFRER R, R —
AEFISU0AE, SURIRTBIBRE B T . i 4 Rt 5l e AT 1 . AR
T

Stack() B —MFTI S EAFESH, FFiRE—DEH.
Push(item) 5T A N B HERR IO TOES . & F7 28 item I HLIRA IR HIME.
pop(MARTIMIER I H - EA T ZESH, IR item. HgE.

peek()iR FIFRTHAIT, AMERE. EAFESH. HRABIEK.

M

'

isEmpty (VI IXBE R T NT . EATHESE, R&E— AR

size()IR AR H AL, EAFHESE, & BN

W

B, wREs B—ANOAENTE, BAK 31 R —ERERENGSR. EkHh, RI5E
PIE T AL -

3.4. BAAI

3.4.1. 4B\ g

BAF (Queue) ZE—RINEITFHITTEMES, HookFMALEBNGI I —uf, 31X — Y45 “BA B
(rear) , CATCERMFEERKAELNTIN S —5, MMEBAE” (front) o H—ANIoRBIMARIBAGIZ
JG, TEIMBNEFFIEHNE BT, BERITE AT AR BB TR



BOHTHINN I TR AL T-BARE,  7E DA FIA5 B e K B TR ) G 2 A T AT o X ol J5 D) A5 s 1y 8
“S e (FIFO, first-in first-out) , 7 I {5 90U {5 R 56 iR S%”

A R BF e ] B ] 5 o BA TR RAAEHR BT . RATTHEBNE B3, AR 2% DS L HER S5 AT
B, 7EH BT BIATHAN CXEEIRATHRE AR T AR B8 (Stack) " A= HBATIE T -
— AR BIBME, B BAA, TR HLE O AR R B SR I . ANET DA EERA S B I,
ANBEAERIEBNE L RIS AT RS TTBAS . 18] 3.3 J&—AMATHLHK T Python i xd A4 KT B S -

—_
rear —= B 4 True “"dog” 4 ——p front

l‘—’

items

B 3.3 —TH Python BENREBRINAN

THEAURN B 25 WSS T BRG] . flan: AT AL = F 30 & Hmk
ME—GITENL L. A EATRZETEIN, AbATRITEMESS w2  BEABME”, Hrp Ay IEAE AT B
HAAEST o BSEHENMERIESS B TR ESE AT WERAIRIESS MR B e, B AR EE S
FEAEARAT P A AR 55 R 5E e A Ja BATTIE 2 3k — 2B R I AN B 1 B 415

B TIXAHTEIBASZ b, A R G0 2 — RSBV AS T TR P R AT F ], lH =
MR R E P HATRE Y . RS REZ IR I HEBA SOk G 35 T ORIMRAE . [AIRE, fEFAN
TP I, A B A Ry 2 b BRE B E L B9 R . I8 1 F i AR I i thAE AT L E
M55 . BEEL AR5 5B AR — D SRELT BB A G2 i X3, SRR AT 5 2%t RE LA LA 0 055 2
I E

3.4.2. 3 R HHE KM QUEUE (BA %D

TR AR B L DR 10— S G5 AR R E S IR SCniR, — BBl — R B P
TOEAE, BT “BUR” 00— st NBAS,  FEAIEL “ AT 1) 55— A% th A Ao BASI R
fF COEEESE R MIREE . R BABI K — LEER AT

® - Queue () QI —MEFIX R, LFHSEL &2,

@ enqueue (i tem) KX IR INBIBLRE ,  ToiR [FI1H 5

o-dequeue() NN E RS BREHE I, TomG 24, 3R [BME 9 A 15 2080 700 5
o-isEmpty() M2 B AT NS, KEFHSE, R EMEARE;
esize()ik [ A HH B I N2 EH S 4L

AT, WERBATHIAR R g 2 —DCOLIEMEI], £ 3.2 FIH 7 XS BAIIHEAT — R 5 #
RIS R . ZABII P S N F R R R, DA HBIIRINE AL . 4 25T PomiER
TR, F e RiRmE .

BB #4E BAFI N 2 pACILiN
g=Queue() i Queue X%




g.isEmpty() [ True
g.enqueue(4) [4]

g.enqueue(‘dog’) [‘dog’,4]

g.enqueue(True) [True,‘dog’,4]

qg.size() [True,‘dog’,4] 3
g.isEmpty() [True,‘dog’,4] False
g.enqueue(8.4) [8.4,True,'dog’,4]

g.dequeue() [8.4,True,'dog’] 4
g.dequeue() [8.4,True] ‘dog’
qg.size() [8.4,True] 2

% 3.2 AFIBRAERB

3.4.3. /£ PYTHON 1 5Z¥ QUEUE

N T SRIAFIZ A G HAE R, QR —DHRE RN TT . R i, WATERA
FA A B s K I BIZR (List) SKFHE Bha s BAAI KT .

AT EE e HN R I — o A R, W — v PR A AT o 1 1 ) — B AS %  BA S ¥ BA 2 A 51
K0 LB, XEERANGEWRIHZIERM insert THEER M BAFI I RIS INFT IR . 1 pop #AEN
AL R B E Bt R (WAL SIR G — Mo HR) « XMEKRE enqueue FIEZRFEZ O(n),
M dequeue MIE ZFE % 0(1),



A5 3 FoRHIXT Queve RALIIHRAEMER 1 HIRATHEAT I — R IIHRAE.

1 class Queue:

2 def __init__(self):

3 self.items =[]

4

5 def isEmpty(self):

6 return self.items == []
7

8 def enqueue(self, item):

9 self.items.insert(0,item)
10

11 def dequeue(self):

12 return self.items.pop()
13

14 def size(self):

15 return len(self.items)
16

17 g=Queue()

18

19 q.enqueue(4)

20 qg.enqueue('dog')
21 (g.enqueue(True)

22 print(q.size())

55 3



XHZANBAF 32— 2D AR 2 B T A 45

>>> q.size()

3

>>> q.isEmpty()
False

>>> g.enqueue(8.4)
>>> g.dequeue()

4

>>> g.dequeue()
'dog'

>>> q.size()

2

LVIPN

1. BEAREEAT TR RSV BB R AE

q = Queue()
g.enqueue('hello')
g.enqueue('dog')
g.enqueue(3)

g.dequeue()

A LT AT A4 e R ?
a)‘hello’,‘dog’

b)‘dog’,3

¢)hello’,3

d)‘hello’,’dog’,3

3.4.4. R HEE: LT

fie th BAAIE AR 3 — A S AR S th gl R A i — A R ES M 2SRt e (FIFO) Hdfa i B 5 3C
MRS . 1o, ERATRE R — A R G LER . EIRXNERT (ILE 3.4) NZTA]



BBl A 15 Rl - DA SR PR TR S B AR I, RAEIF RN — MRFE I 2 b3, XTS5 Y)
an B/NZL S T P Rt AT B R R — AN

After 5 passes,

Bra‘d i'5 Elimiﬂﬂted p355 to next Perﬁon

until predefined counting constant and so on

B 3.4 ANNEL TR

BULE, FRATHOR: L & n] SRR Josephus 0] @l IX MR T Ao 1 H4E 4 T 2R
Flavius Josephus ), fEUIEM KRG RIP SRE T EH, Josephus FlfiF 39 AN E] IAE— MR 7T
5P ANA L. 7 B RMED R RGBT TR AR AR RS B T RAAT T R —
AR, Hor— AN AW R A — O AR JE A AT T RO 3R T T2, R B A R I
fE U Josephus [ T KN S0 2 AME 2 — /M RGBT RN . ARG H T AN B B B s A7
B B —%, MEAEFEARMEMA TP EMEEE ., XNMFEEAETZARMMRAE. G2l
ZRBALHAT UL, AN RibERE — A T Sk E. (EAERIAIA, Hizo R —
;.

FATRAR ] LS T4 4 ) @ AL (Simulation) o AR B — MR FHIR
AR H B num” . ELE 2T num (THEUS, TR FPRR Bl 490 T N4 . XIS
AN B AR VRFTIRE T .

NTEROXA PRGN, BATEHBIG] (LK 3.5 . BEEELTNEZ TS, ST
fEi% T T, AU S I %1 B H AF SR J5 7 B LEAth AN B R N MBI o B A 76 Ath /T 1T 1)
NER 3 J5 A S B ke B AL . 25 num” R AN BRI LG, 7R B\ 107 Tk 2k
SGETFONF, R LE BT R R P 4k S AT . XA RS BRFSEI R AL TR (RS
A1) .

rear ——= Brad Kent Jane Susan Dawvid  Bill —m frD

dequeue
enqueue Go to the rear

(Pass the potato)

rear —= il Brad Kent Jane Susan David — front

B 3.5 FIBAFIRII LG



from pythonds.basic.queue import Queue

def hotPotato(namelist, num):
simqueue = Queue()
for name in namelist:

simqueue.enqueue(name)
while simqueue.size() > 1:
for i in range(num):
simqueue.enqueue(simqueue.dequeue())
simqueue.dequeue()

return simqueue.dequeue()

print(hotPotato(["Bill","David","Susan","Jane","Kent","Brad"],7))

R85 3. B E I BRI SE I

B om0 3. 4G RR L 7 JTHE0H B Bl i 223 9] Susan.

UG BRI AN 28 04 £ G AR T RIR P AL AN (HIZIFAZ I, BB
BR—AEE, LiHEEE R AR RS R ETTL, JFkSat B E R BA g EE. A, &
ABETE R BIPIFAHLIRMF BB, SR DT 2AENE HIL. £XAE7H, Bill &
FIRPE—DICER, FTRURERE N T BAIISE — A XA R & A R AR DL AR 2R ) s
EE A5 BE AL AR+ e

3.4.5. MEHLE VL. FTEIME S



P A BB (AU S AT DU OR A A AT T SR AT EAE 55 o B4R — R A 2R AT BT 55
A S EATHINL, XA S5 AN — NSRS P BB o XA S5 4 & B R 2 .
HEL )RR Z A2 TN 5 REAC BRI E MO AR ST, WRANGE, AT RE S KK (] BLA T
B AR

BB HAUREE LI = P LU N DL PR RAE R NN R Y 10 2R AR S == B 7RI
/NI O R R RGE 2 T B ST, BT BRSSO 1 31 20 TUASE . SEie & AT ENHLELAL
ZIH, WURCAEEREATED, AEo0Ph T DATED 10 51 ST ENLAT DU e sl i B 4T BN, (H 4
SrBR A BESTEN 5 1. B8 IRIT EE BT RE 2 22 A SR A I 8] o 2R B AT B 22

AT AT LA A S AR R I AN S KA g o FRAT 7 A AT R SR AR S AT EME S5
AHTEIHL(E 4). B4 2 SRSITEUESS, BUR A ST EINLME R S5 R BAS . A 4T EIHLSE i —
PHTEMESS, EamESR S BRI A RRIITEES . BATRO IR 2 AT ET
B, IR AT REANME 555 DA B S A1 4 I 18]

Lab Computers

L J
—  ytask task task task task —-a-ﬁ
[ 1 o i

printing tasks in print queue

5 @0 @ @D ®

Bl 3.6 XTITEMEFASIHTHHENI B AR =

N T AL IS 5, AT ZAE A MR IOME S . B, SRR RE AT ED 1-20 BUKE S
B, W RAEEAME S IIT ED B AE 1 3 20 Z [AISEMERHL, 04—k SEFRIT BV 55 1) UHost /T AT 1
3| 20 Z [a] BEALBORAELL, ABRRE 1 3] 20 2 [AF 2 TUHCH IR AR S o

GRS = A 10 DA HAEENATEIPTIR, A4 PR N s 20 MTEMES . atki
W, AR A, P NMTEMESS R A 2 RWE?m] A AT S5 8 S I (8] (O LA . R/ NRHTER 20
AMESSRI-F-H4F 180 A4 B—MTEMESS

AR ERATAT AR R 1-180 2 (8] (I BEHLBORABI A B — MTEMESS (AT BEE . A0 R BRI REAL
#2180, HIANAER T —MNTEHVES . A N ] BE 2 HOE AR IR 2155, A I Ik th T R 5 2255
RIS 8] B — M55, T SEBR B DL R IXFE . FERIE T — L8RS B 5, BA T H 12 R T fg
A LS O

20 tasks 1 hour < 1 minute 1 task
1 hour 60 minutes 60 seconds 180 seconds




3.4.6. EEB DR
DA R AL
1. QU —MTEUES S BEAMESAEA BN T — AN I RHEER” . ABULETT AR I 2 251 .
2. WTRH—FETEE RS I MATR (currentSecond):
(V)R SA BT EAE S A R WIRA, AL EMAFTERBASY,  FFHE G RTAPE g H I A] R o
(2)an RAT EIHLAS N JF HA A 55 IEAE S5 A o
1 AFTERBA A #E R — T BT 55 JF B L5252 4547 B
2 MEHIAD vy 25 ok [a] B RR” AEL, T 554 B AT 55 H S5455 I 1)
3 KA 55 B A1 IR TR S I 21— 21 ey, DURT T J5 a4 A
4 FTATEES5 00 D8, oK U 75 2 22 K FT BN IR (]«

)R BT EPHLAE TAE b, X TATEINLT &, mb TAF 7 — A0, X THTEMES T &, B 34T
BN RO 1 — A0 Bh GRIAT T BN TRLE 1) o

(4) SR I T BT 55 28 58 A, th R R AR AT BN (8] 0 I, AT EDHLEE N 2 AR
3. AEBAMEIENE G, I SR R AR T 8l TH ST 29T B A

3.4.7 PYTHON SZ 3L

MBATE VX AEFE T, A 175 ZN R AR I = A B se St 5. FTEIML(Printer). FTEP
125 (Task) F14T ENBA %] (PrintQueue) >k H & X —282%, FLLFTENHLATZS Printer(f0AT 2) 75 22 S W /&
MIEEPATIEES . R, WEERRITEINLIEN (13—17 17), 75 ZB05EFFI R A] DL S JAE 55 14T
EISkECR 1 o[RBT 0A F4 1 oR 4000 BE 8 58 AT B [R1HT BNk B I aa b e B . ik tick T N
5 B B R I A], IR —IRAE 55 45 R S 44T BPL IO N L (11 17) .



class Printer:
def __init__(self, ppm):
self.pagerate = ppm
self.currentTask = None

self.timeRemaining = 0

def tick(self):
if self.currentTask != None:
self.timeRemaining = self.timeRemaining - 1
if self.timeRemaining <= 0:

self.currentTask = None

def busy(self):
if self.currentTask != None:
return True
else:

return False

def startNext(self,newtask):
self.currentTask = newtask

self.timeRemaining = newtask.getPages() * 60/self.pagerate

G2

K Task(FUHD 3)AREZ — NI AIFTEIMESS o H— MBS HEOIEER, FELECE B~ 44— 1 3 20
Z I —NENLEAR R FITENRI T2, BATIEF R random i 41 ] randrange /517



FEAMTHUESIE 5 25E S T SRR I X R timestamp. timestamp 2 iC 3% MES5 1
QUL AT EDBA A (I (] o J73% waitTime F TR R AT 55 TT AR 4T BRI AEBA A b (R 2 A S K

R 3

import random

class Task:
def __init__(self,time):
self.timestamp = time

self.pages = random.randrange(1,21)

def getStamp(self):

return self.timestamp

def getPages(self):

return self.pages

def waitTime(self, currenttime):

return currenttime - self.timestamp

F R HL simulation(fXAY 4)r] DASEEL FRE L. X4 printQueue s&FATILA 1 S AR K28 A%
() — A2 . AT B AT R B4 R (K5 newPrintTask 4 5E & 75 48 T 03T BT 5% . A 3RATT
— I H random ) randrange PRECKRTS 2] — 4~ 1 2 180 Z M MBEHLEEEL(32 1T), HHILEAIX
ANBENLEE AR B R ELEFRATTRT DUAFT EDHL S B i KRBT B[R] 5T B 5k

>>> import random

>>> random.randrange(1,21)
18

>>> random.randrange(1,21)

8



from pythonds.basic.queue import Queue
import random

def simulation(numSeconds, pagesPerMinute):

labprinter = Printer(pagesPerMinute)
printQueue = Queue()

waitingtimes =[]

for currentSecond in range(numSeconds):
if newPrintTask():
task = Task(currentSecond)
printQueue.enqueue(task)
if (not labprinter.busy()) and (not printQueue.isEmpty()):
nexttask = printQueue.dequeue()
waitingtimes.append(nexttask.waitTime(currentSecond))

labprinter.startNext(nexttask)

labprinter.tick()

g4

AN VSATHIUEENS, RFRIERR 2R, b TR BRETE. AT %K
OGRS BATH BB SH0N, SRS AH ARG . T2 —SLE4R,



BN R 1T — A 60 20 51(3600 F0)EF BT ENTLIKAOTE Ol T H., FAT TR ZEEAT Tk
ML RO B I8 I BEAL BT I, P DARRKIEAT 2R BIAS R 45 2R

>>>for i in range(10):

simulation(3600,5)

Average Wait 165.38 secs 2 tasks remaining.
Average Wait 95.07 secs 1 tasks remaining.
Average Wait 65.05 secs 2 tasks remaining.
Average Wait 99.74 secs 1 tasks remaining.
Average Wait 17.27 secs 0 tasks remaining.
Average Wait 239.61 secs 5 tasks remaining.
Average Wait 75.11 secs 1 tasks remaining.
Average Wait 48.33 secs 0 tasks remaining.

Average Wait 39.31 secs 3 tasks remaining.

Average Wait 376.05 secs 1 tasks remaining.

1847 10 IR S5 S 3A TR LAFE 3PS5 F5 I [A] /2 122.155 #b . FRATTIE W] LLWLEE 31 2 55 155 1 I (]
FIRKZESM, ME/NFY 17.27 #2215 K F 239.61 0. & v UG BITEFTA 1E 5L RAG PHIRAT %
P EM T .

U, FRATRAT BN LR BRI B 7081 10 T, ARG FHEAT HIR. A T ERIVITERE, JAIA 2
FE— /NI (I FR R REA T 2 (AR S5 S A

IBATBHUAS A R -



>>>for i in range(10):

simulation(3600,10)

Average Wait
Average Wait
Average Wait
Average Wait
Average Wait
Average Wait
Average Wait
Average Wait
Average Wait

Average Wait

1.29 secs 0 tasks remaining.
7.00 secs 0 tasks remaining.
28.96 secs 1 tasks remaining.
13.55 secs 0 tasks remaining.
12.67 secs 0 tasks remaining.
6.46 secs 0 tasks remaining.
22.33 secs 0 tasks remaining.
12.39 secs 0 tasks remaining.
7.27 secs 0 tasks remaining.

18.17 secs 0 tasks remaining.



from pythonds.basic.queue import Queue
import random
class Printer:
def __init__(self, ppm):
self.pagerate = ppm
self.currentTask = None
self.timeRemaining = 0
def tick(self):
if self.currentTask != None:
self.timeRemaining = self.timeRemaining - 1
if self.timeRemaining <= 0:
self.currentTask = None
def busy(self):
if self.currentTask != None:
return True
else:
return False
def startNext(self,newtask):
self.currentTask = newtask
self.timeRemaining = newtask.getPages() * 60/self.pagerate
class Task:
def __init__(self,time):

self.timestamp = time

PRAT LA E S8 AT B ARSI -



self.pages = random.randrange(1,21)
def getStamp(self):

return self.timestamp

def getPages(self):

return self.pages

def waitTime(self, currenttime):

return currenttime - self.timestamp

def simulation(numSeconds, pagesPerMinute):

labprinter = Printer(pagesPerMinute)
printQueue = Queue()

waitingtimes =[]

for currentSecond in range(numSeconds):

if newPrintTask():
task = Task(currentSecond)

printQueue.enqueue(task)

if (not labprinter.busy()) and (not printQueue.isEmpty()):
nexttask = printQueue.dequeue()
waitingtimes.append( nexttask.waitTime(currentSecond))

labprinter.startNext(nexttask)

labprinter.tick()

averageWait=sum(waitingtimes)/len(waitingtimes)

print("Average Wait %6.2f secs %3d tasks remaining."%(averageWait,printQueue.size()))



def newPrintTask():
num = random.randrange(1,181)
if num == 180:
return True
else:

return False

for i in range(10):

simulation(3600,5)

A5 5 3T EIRASI B

3.4.8. Vit

FATVAEZL 125 (L, BUA AT ENHL A R AR v L A T B b 2 e 1 4T B B B A X,
B A UASE AT B S5 o AR5 i ] — MU P R BT BT 55, 872 DUHONIME 5575 Bl
(8] W] A2 (R AL

LA RS RER I RE X BH AT ED 5 TUIN, IS5 RF I 8] Mt 2b 17 B0 3IR % 376 M2 6 708 A%, 44T
BV BN PRI, B/ P ) S5 I (RI A A 2 1 B, e 2 28 #o BbAh, LA 5 TURFFD I EEFT BN, 10 K
WIS 8 IRAE 1 /MR AR S5 B AE A CRZERO

BRI, BAT T AT LA H 45 18 PR IR T T3 B2 LASRAS S A A3 T B S BV AN — AN 7. SRR TANRE
PRUONAT BN A A KA IR ), JUHRAE G BOEE 25 B R — iR, At ATIok 58 6 20l F S5 455 Ik 1 B -k
K71

XA T AT DAAEIRA B VR 2 IR R R . FRATT T B R R B R i %
S Hr, AT DA AR (T U AR AT .

o UMRVEM A NG I, P2 B HOE N T 20 AR ERE?
S UIR NI S A AN B % BRSBTS A 2

oI AT Python & — 13 KAIES,, MRAGKERKRYEME, FHENTEMES 1 T HR D,
N 2B

T i A AT LA S A2 A A (AR ULRE P OR AR o B T B 22 01 A R S AU (1 2 PR I R T
FF 2 STABAUL AR BE, R 4 RO DL 75 2 30 S (R /N I A 55 B R /N e 2 2 B S s

1N

1. W ST EARULRE e DA S 225 0 H 1 i (7 00 2B ise =2 AR B0 H A, R 5 24— S8 5 3R
A R B A X LS B AR . A AT SE L B SARRG LRI R, (T BT EAE 55 1 T
B, WA B BSARD R R O A A . i, I an A B 2 M ? B A A RS B AT T ]
DL 2 A 2 H AR AR IR PP 10— N S 4



3.5. X¥ ¥ BA 7]

3.5.1. AT 4 A& X A %1

M4iBA%F] (deque BX double-ended queue) HPAFIZEALL, H2—RITCEWEFHE. P
FRONBANE (front) FIPAE C(rear) , JUERTEEIAM G2 BTG AL T X0HBAG H o HEAFIANFE A2, XX
Uity A Z1 6T TG 25 U8 DAL B AT BR A AN S 2 A%, Jn vl AP i N, 0] DU s B o AT DAL,

X B B3 Aol 768 4 ) 2 P S50 S5 A AT B AT BA B 45 B AT (K B A T i

X G B X BA A7) o

K] 3.7 &—/ H Python %
MNFEH, X BB B AR B A R AT S BV 2 R AE,  E A R s T0OAN 6

TR IR HE S B Se R S WY, T A5 AR B A B MU P R EL T B SR

Hmspp "R

Mo R

= eog 4 "cat’

T

B 3.7 —/ i Python H8 %t S BRI X FA 51

e A 2

RN E: T

3.5.2. MR AL

Deque il R EHE R M i A 51 (Deque) HY LR — LB S5 RRAF R E Lo BT SCHTIA, X BA 51
—RINAFFIITCRALM K, TeR T LLABNE BB MIER . T T2 X BB ) — L5 45

* Deque () GIE—MEXUMLI, TZH, REMEN Deque XFH.

+ addFront (item) fERAEIHA—NILR, SHONFHEATTR, LREE.

+ addRear (item) 7ERAEIHA—NILER, SHNFHEATLER, TRFEME

« removeFront () fEBNERER—ICEK, LSH, REMEANIZITR. WinbAF &4k 2e.

+ removeRear () fERNEMEE—ILER, LS, REMEANIZITER. MmAII 2L .

« isBmpty ) FIWrRGmBAFIR SN, TSH, REARE.

 size(Q REXURASIF BRI ANEL TSH, IR BRI

NGB . BOE d BV ARG, R RS TR T —

E I S (EROEE SE =

SENTBNE BT R AEA M o Hh 0 BA S W S 4 AT N IR, LRI INARIRS R a0 A I 78 5 3
RAL, P AR ZRVERA T . BAR IR 2 4E 3 S

M ¥ B 51 A ¥ BAFY N 2 B EME
d=Deque() 1] Deque W%
d.isEmpty() i True
d.addRear(4) (4]
d.addRear(‘dog’) [‘dog’,4]
d.addFront(‘cat’) [‘dog’,4, ‘cat’]




d.addFront(True) [‘dog’,4, ‘cat’,True]

d.size() [‘dog’,4, ‘cat’,True] 4
d.isEmpty() [‘dog’,4, ‘cat’,True] False
d.addRear(8.4) [8.4,'dog’,4, ‘cat’,True]

d.removeRear() [‘dog’,4, ‘cat’,True] 8.4
d.removeFront() [‘dog’,4, ‘cat’] True

& 3.3 XA HAE

3.5.3 {E PYTHON A 52 8 XU 3 BA 41 DEQUE

G BRAE Z AT E T TR —8, BAVE L — S H 2ok 28 ih 2 2035 25T Deque.
— U, FRATATLLEI Python H ARG UL — B AR I 197775 K SLH Deque I . FRATTSEILM
Deque (fUAY 1) EBNEESK 0 AL E .

class Deque:
def __init__(self):
self.items =[]

def isEmpty(self):

return self.items == []
def addFront(self, item):

self.items.append(item)
def addRear(self, item):

self.items.insert(0,item)
def removeFront(self):

return self.items.pop()
def removeRear(self):

return self.items.pop(0)
def size(self):

return len(self.items)

8 3.

7£ removeFront F AT pop JTiEMEEFI R P B )G — NIt E . Ti7E removeRear 1 HATH
pop(0)KMIBRFIR P HIZE — N InER. [FIFEHL, FRATFHEEAE addRear 1 H insert 777 (28 12 17) BN
append 7772 R BELESIR I R Im A N T EK

RS 2 FriiEmt 23R 1 X% Deque HEATHJ— R FIHRAE



class Deque:
def __init__(self):
self.items =[]
def isEmpty(self):
return self.items == []
def addFront(self, item):
self.items.append(item)
def addRear(self, item):
self.items.insert(0,item)
def removeFront(self):
return self.items.pop()

def removeRear(self):

return self.items.pop(0)
def size(self):

return len(self.items)
d=Deque()
print(d.isEmpty())
d.addRear(4)
d.addRear('dog’)
d.addFront('cat’)
d.addFront(True)
print(d.size())
print(d.isEmpty())
d.addRear(8.4)
print(d.removeRear())

print(d.removeFront())

R 3.Deque BITLH

PRAT LA X HL S IR BB AR (A RS A P 2 AR T o AR R AT BB BIFE AT RE
Sk RN B BRI H 520 (1), 1R B A I SO B 20 (n)

3.5.4  “m| iR " A E

—ANBE FH XU i B 371 B8 5 R R A At e 1 ) RS 22 i i) [ml SR 7 e) . [ SRRV K S AR A
A —FERIA], f0: radar. toot Al madam. FRATEE RS —ANEVERA BTN FAF 82 T N EISC
1] o

XA i R AR O S T — A Wi BA B SRAF A I AN 75 e o JRAT T3 DX AN 745 S IR B B
T REAS N 200 BAB I ) 3 o BRI AN XU BA SR AR ARH AR @ A A, (B HATT AT AR W
BAZ 7o S (R0 PR o X BA ) 4 i P OR A i 28— D4, R FORAF il e — 745 (LI
3.8)



Add "radar” to the rear

rear front
add to rear

I

items

rear front

remove from rear items remove from front

r r

& 3.8 WHiBAF

B ERATTRENS [R] I HCHS P o ) 547, T CAFRATT AT AR EA TR AR A, 4 SR () At 4 488 EL A
TR BRI R T AT IR BA TR S LS By AT R A BLEA T, BUa 7T B A R
58, BARART AT, ERRT 5858 R KR T HOL A E. ARSI, X7
H AR (B SR o (3] S R] A B R K SR BLAE PR KR palchecker (AGFS 3) A

from pythonds.basic.deque import Deque
def palchecker(aString):
chardeque = Deque()
for ch in aString:
chardeque.addRear(ch)
stillEqual = True
while chardeque.size() > 1 and stillEqual:
first = chardeque.removeFront()
last = chardeque.removeRear()
if first 1= last:
stillEqual = False
return stillEqual

print(palchecker("Isdkjfskf"))

print(palchecker("radar"))

ARBG 3 EI XU BA 51 S A 18] 3] ) BT B 3 (palchecker)



3.6 4l 3R LIST

TEREANFEARBAR R e, FATER T Python RSB R AR FIFRRE—AThiEk
SR ] B AU R A 4, JFONRR Y DR AL T SRS FEI3RAE . SR, JFAEITT Mg AEiE 5 #a A E
[ list FURIM . fEIXEEREOLN, FE LT H CoRSEISIR

FIRE IR NES, BOORAGT D ERETRAFRNMG A E. FAAMY, R
AR FIRIA D TF L. BATT LN AFIRAE I 58 =00 5 =0 Har LR 5]
BRI CGE—T0 PR NRE R0 . AR, AR RS ER
T

Fltn, B*H 54, 26, 93, 17, 77, 31 HMHIEETHER — MR LT IR F R SS. 7+
=, /MNegitelIsNTHESSMIER IR (—FMRREMIE T - 2458, Python &
4136 278 N[ 54,26,93,17,77,31 1.

3.6.1. MR P TC 7 4R UNORDEREDLIST

wn BT AR, PSR AN HE N TR AR S, RPN TR A
AT HE TR E . —Sn] LR R INE T

*list() GV — ISR, EATESH, Mk —PNE5E,

*add(item) KEBT A INEIZIZR, BATREME. BBTTRAEIIR T,
*remove(item) MFIERFMIERTTER . FTEANSH, JFaEdgR. A RRT
RIEFIER A

*search(item) #HRIIRHHITLR. FENSE, R E—MiRKIE-
*isEmpty() FIWTFIRE T NTE . AFHFESH, FFRE—DIRE.

*size() R MIFIRKITCHRE. AHFESH, IR EI—DMEL.

*append(item) 7EFR ARG —PDHHITR. EFE NS, BHREIE.
BBLZITH ANEFIER

*index(item) iR BT RAEVIRTPLLE. EFE—DSH, IHREGERIME.
SRR IR IR AAE SR

*insert(pos,item) fE45E (AL BRI —DHILR. EFENDISH, BAIREME.
BBLZIC RS R P IEAAFAE, I HIRA SRR L SHIR MM R I F 2
*pop() MIIRAKmFEER —NICHRIFREIE. EATESE, RF—IITR. #
BAIREDH IR

*pop(pos) MIEE MM BEMERIIR TR IFIREIE. ERE - MIESH, JFHRE
—A TR BRZTTRESIR T,



3.6.2 RHBERLI T 4%

NTSEBTRIER, AR AR, BAE—TF, ROTFERBTTRIES A BIET. &
1M, AL FELL KA AREMBER T ITTER . B, FREHK 3.9 hBRIIIES . BilkiX
SOAE CRENLRE . W SRIRATRT DA AR ORs — 2T A5 2, BOR — DN ITH A8 LA
3.10) , AR AREATH KA AL B AT DA AR ] A B — N ITH 2R — SR E

17
3]
26
54
Fil
93
B 3.9 AZEYEAMELRKIE
17
31 (End)
26
Head
54
Fii

93
Bl 3.10 ff B SEEH R AN AL E

R R, IR U B AR . — BIRANTANE S — 0244, 55—
AT P YR IERATE R A4, DABESRE . AR HE 1R (K28 — DUE H BN BER k. R, 4
Rt )m — IR EEFREATHBA T

3.6.2.1. Z%:. 75 A NODE

FIBER SEIL R FE AR FT /R AT RO R ZDPIRER . Bk, W ALIEE )
RIUEAG . BAVEXHAIZT A0 “BIBRX”  (datafield) o BAh, BT RDLAURFFE] T —AT
MG . A 1 B T Python MK k. WkgiE — 1 R793” (LK 3.11) - FRESRH, &AM
Rl i A& 3.12 Fosi )i sSURR — N i B 1R SR IR A Sy 3 F 5% 3R 8175 5
HeE A G| F 2T — T,



class Node:

def __init__(self,initdata):
self.data = initdata
self.next = None

def getData(self):
return self.data

def getNext(self):
return self.next

def setData(self,newdata):
self.data = newdata

def setNext(self,newnext):

self.next = newnext

R 3.
FATLUH W7 NN T A5 R
>>>temp = Node(93)
>>> temp.getData()
93
A5 3.

Python [FIRFIRME None H7E 5 ML 5 I BER S P AHFE MM . 51 None R RA
TR ARG, NIRRT N S S TR {E S Noneo  PRUDAIXAT I AR 3 11
RO (grounding)  FATFE IR AR FHARHEAL I “ Bt FRERFR—MEN None 5]
Mo il None RAFAIRIEMIIGALIE X T — AN 5 2 — MR &

Bl 3.11 R R EA S K E AR T AR K5 A




Bl 3.12 —AMSERIRYHT R IO R A SEBL

3.6.2.2. J5: /¥ %% UNORDERED LIST

IEMBEATZ /i 20, L REH — N SEA AR, A ACRH G DT —
A RERNMAES MW ANAE (BEFE—TD , fEXZENEANuRAE ] hsE DL
BRI T =N A, AL MEYE, UnorderedList K0 R — /AN 88— S i 5 . /S5 2 B
TN T IX RIS R . TEE SR UnorderedList 3 OB AR AR B L —N T S BI5 A .

class UnorderedlList:
def __init__(self):

self.head = None
A5 3.

>>> mylist = UnorderedList()

FERMIEBATE L —ADFIRN, HREAEMIoER. Wl 3.13 fros, KEREIEAEY 74
HERRIF IR . IR BAEE SO R FHE R, Rk 51 Hl——None 2 FH5H R UL WA 91 3R 1) S AN
TRFEMTZR PG . 2%, W 3.14 Pow, 2R KRB 51206 th— MERRE IR . JIRILIE R
EHIRMIEE — IS — e DAMSRHE, 270 T — NMREHER T T (N o HEE
B2, SRR A EARM A . DA MR, Ea & A b 45 M 15—
51

& 3.13 —A=EFR

3]

3.14 — A HBHARNER

is_empty (HIWTHERRE D NT) THE M A RKE 1R B TEIA None. H45R AL /KE
R, WORBERTEA T, self.head==None (145 R R A2 True. BEIVHBERIA, P ARG AR AN
TN RAIE LA 5 — DMREE— . XAMEIR TR None SKIFREERGMI AR . 1E
Python 7, None AJ LLSAEMTH&FIAHIE I 18 WERPMEFFE— DMK, IBAMATZ TR . JRATE
JE BT 2 X R



def isEmpty(self):

return self.head == None

ARG
3.

W2, FATIATIETTRBNEER? AT ELIAIN (add) 7575 BT, AR E MRk
F 2 [ L SRAT T ML 2R T B TC R TR BER IR — 87 . RN AN PR R T/, Bin R 5IE£ T
RN T HAR TR B AR B AN E . BT AT URE AR T 7. Tk, HHi R E
FE B fi R A7 B B

FRERIFERGM FONBATRABE T — DA, RNZFRI S, P HAl S s A el 7 1 55— 4
Tk, REIEMTR AT EER R X WA A B G RS s T R AR Sk, B A S
RITE . HAGUL, A TRIEH I H A NFIRIE —ANIUHE , MU 000 H R 7 ZE R 21X A
FAIH, XFEETH s REEE k.

R 6 IR A B FR S E I 2 NI 71X AN 7 R R Y

>>> mylist.add(31)
>>> mylist.add(77)
>>> mylist.add(17)
>>> mylist.add(93)
>>> mylist.add(26)
>>> mylist.add(54)

HER, BT 31 BEMBFIRPHE I, BAEREBAEFERNRE MR, FNZER
BTG INE TR . [N, BT 54 REJTIMARIITER, ERROvHEER A — N s s
fH.

add TP 4 . FIRTPHIEAN TR ULE /T AT R B TATRIE T NET R RO
Rl NI TCERAE 9T s B0 o B SRATT 0 0 R BEREX AT 55 105 IR R S5 R S i A TR
M LAE. XFHEEE 3.15 FrsfIm MR, B PR (RS 4 28 3 47) RAEHHmAS S5 oy
JERBIZR AT me T AR (AR A 7 AR ASETT SRR g 1, AT DHES L
head 5 [EXMHTIIH Ao AUDES 4 fTALEIX — D IR, EWE 1 HIERK KA.

R PAS B BRI o> . AR A 3 AT NS 4 AT I R Rk e 2t SRk
M SN R, L5 R W] 3.16 . BT Skl 2 A B4R N 35 47 sl ity — 5
s B A 17 s 2 BRI VA BT -

def add(self,item):
temp = Node(item)
temp.setNext(self.head)

self.head = temp

A5 3.



B 3.15: [—A PP H#HEFHRM— A H TR

no external reference

e p—
e e M
- —
o

\

B 3.16: HEANMERIRFHER

BN ORIBATFTE LI 5 i——RICE ML (size) . &3k (search) FIFZFE (remove) , 43
T — /N HEER B (traversal) MIEREM . TS H P R —A 0 S fE. 87T
MEX— 5, AT DMEH — NSNS, BB IR MRS — N . A1 A —
Ry, FRATEE M sh” (traversing) N — A5 HT A, BAMESIHBSE] TR — N .

TSI “size SROTERAE WUTE, BRATHER IEER, FFHadk I S RS 5
VTR BIFR AT A Python ARG . FRATHERX AN S HFR AN “ 457”7 (eurrent) , {EEE —4TH
BRI, RRAIR LTS RAIIRATIF A RIAEF A, B S E R e o 0. DY )
FENATERR LS T IR G 7. RELIX AN S| A B R PR R (None) , FRATHUKE current
BEn B N —A A, IEWEE 6 17T F. FIRTSCAHE, #2510 None #EAT LA MIERAEAEH A .
Y current BENE] T —ANFTT A, BRATHICTHEERIN 1(count). S %, FAVEMEIALE R G T 1t
. B 3.17 R X — Nl .

def size(self):
current = self.head
count=0
while current != None:
count = count + 1
current = current.getNext()

return count

A5 3.



traversal .

current currant curreant currantc curreantc curreantc current
1 1 1 1 I 1
I 1 ] ] I I
i i i ] I ]
1 ] ] ] I ]
I 1 ] I I I
i i i [} I i
1 1 ] 1] I 1
Y Y Y hJ ) Y
neaa —»{54 [F—o{20 [F—>(33 [F—{17 [F—{17 [F—L [F— |1

B 3.17 KFIRMLEHEIR

fE—ANEFRPE —MUERX IR SRR R Z R 1. 825 3A Y7 17— DR
TR, BATE P A AR B RO R T AR BA T ER M TR . AR AR AN, AR
WER PN SIER . S b, WERIRANTE TAREEAT B 7 AR A, X ERE AT E SRR TR
R IFAAAE . FIRE, WERBATRE] THATEER, MARRA LERLIHT

A0S 6 2B T & il (search)iX — 71k, [6] size J7i—FE, W JAESFIF LI wI4L (58 2
17) o FRATFEFEAEH— 14 found (AT /R ERFRTA R BB T RATTER FHITR. HEH
AL DI TG I R AR BN J0 R, found B 1% J9fEi(False) (25 31T) o 2 4 47 IR [RI A 25
e T ERIMAE L. RELEA R TNHRYT R S BIRATIE R AR TR, RAIMELSRE T —
AR B 5 ATH RIS AR AT T BRI R AE T AL current 2. WIERSE, 4 found # ik
NE(True).

def search(self,item):
current = self.head
found = False
while current != None and not found:
if current.getData() == item:
found = True
else:
current = current.getNext()

return found

RBg 3.

DL 2 i) (search) iE FE R & $k“17” N1

>>> mylist.search(17)

True

M7 17 fEFIER T, DR A f B AT RS A 17 T A BN found KB BN K
(True), FFAESFAF RS E True, W1 EEIFR. XA RN 3.18.



traversal ————=

current current current current
I
|
I
I
|
I
I

:
:
v

L
head —w 54 | +—f 26 | +—»

-0 T~ G I
N

3. 18: BRIhREIHME “177

“BFr(remove)” XNHIETREMADE . HARMNTEEREIXANFIER, KILFRAVEERZ R
JTEE. HERB TIXANILE (BEEFE) , BU%OERe. 5 E & (search) T . Al
fEH—AAMBEIH, b ETFER R m EE R RSk EE, s, BHEERBERRP TR NI H
TRAIMEE R R TC R — EAEE, I ATEMK A E# [ 25 RRHAT & bk, Frik, T A
BT H — M /R A2 & found

4 found JyE(True)itf, current K2 @X & 7 EBERITRKM— 5. HERMZEWAHERE?
—ANIATH S, A SEEROREAER BRI T R, NIRRT R De M EFIR T 7, X
ANTT B EGE, T R EECE R S BRI SOH AR BRI SR BT R S A AT
s e

N T BB S AR RERITTR I A, AT BT R R, B 51 current iR
B AENRE, ERERTRAINENGERTEZN. KO8 current 51T mAb T — AT 2
PRAEEHT /R T7, A IATREER current T min, TR AT — N7 fiE AT 0 E A 2k
1.

fif PRI AN HME R 72, AR D EE R A AN A5 o current A7E, AT ARbRIC 24 1T 3k [ £
HIALE . FMAKI S H——RAT “A7—4"  (previous) ——7Ei# il fEh MV )5 T current —
AT XFE, 2 current (FERFMIBRTT 5SS, previous BT 7EFEZR b 7F EAS 1 i Ab .

R 7 R T 58 B 4 (remove)id 72 . 58 58 AT PIMNNE S IR T WI461H . &3
current G [FEJ ALY “H ;7 Sl —FE, MFIRBELETFMG . AT, FRATEE previous 257
current FET— N5 5. Kk, previous FIFIME A None, EASKESZ AI&A A (4N 3.19) . i
JRAR & found K2 PR T4 HIX IRIE 3L

TEENEIE BT RN 2 TAEAAE T SR e M A RNBEB BRI tER. W2, found ¥
LA N (True). WIHRFRATEGLFICE, previous Al current D20 A I 1] fG 25— AN . [ARE, X
PIANEAE I 2 X 22, 15 %% previous 2 7] G 3N — AT 5, # current (67 B, SR)5 current 4
Aefesl. X—FRE W AFR N — TS Ginch-worming) , KN previous J:E R I current,
current A REAIRTAE 5. & 3.20 JE/R T previous F current ZENE 5K N FHEH 17 B SN 102
777 s

def remove(self,item):
current = self.head
previous = None
found = False
while not found:

if current.getData() == item:



found = True
else:
previous = current

current = current.getNext()

if previous == None:
self.head = current.getNext()
else:

previous.setNext(current.getNext())

A5 3.
previous —P| |l
current
head 54 26 > 01 17 77 | = 31 | PEI'
&|3.19: WIRS| FHpreviousfcurrent KIFIME
Eevious

Step

0 77 |3 W—»hn

PIG\"J.OL[S currant
1 head —4] 54 | 26 | 03 17 77 31 I
prEUiOuS cCurrent
2 head —{ 54 26 | 03 | 17 77 3l I
previous current
3 head —{ 54 26 93 | 17 | 77 31 I

&]3. 20: previousFlcurrent{FF|ERH3H

&k (remove) TAEHF M0 I — H gk, FATHF ENFERPREGBAT S, B 3.21 BRT—
AN AUHAT BN Bz o SRTTIX B S — i T ERE A U I . W SRR BRI A JC R B W2 H R
F—, 4 current 25| FHBERH— AT . XL AR previous 5] H 2 /& None. A2 AT



2, previous BI5FITEA 5 FHE KA S, EXMBHRT, FTEXRIIFIAZ previous, &5
FHLT A (K 3.22) &

previous current

L

head —= 54 26 | 03 [<f--w 17 77 | 51 [F—=|I
\._-L\___

3. 21: BRRFIRF RE—MTT R

Previous =g ‘ i

current

‘H““‘l____ﬁ"

E3.22: BRIIRE—-NTR

RAS 7 1956 12 47 LR FRATT AT DU A A T T B2 AR BE A 1 L 2 75 2 LR R IR 1B . Wik previous ¥
HE, WaHhm/RAE found CE NEN, previous {19872 None. IXFHEM T (58 1347) , B
3L head EER A, 5IHEER current BN /L, SEBRACR LSS T WFIR P RS — A1 .
14 previous AN /& None If, ZERERR 1T S — @ fERER K5 7 34 . X previous R 23 ik3RA!]
R BB ST — N 5. 28 15 /7R H T previous [ setNext J7 VAR TE X IR . 1FE
FIFEP IS S, T BB Y R ER SL AAERTR M T current UG — AT AL, ERBIXE, AATEE
FEAERSE N, LR RRE DL S FREE TR R 1 AR e — NS T o XA 1 R AT
PLH %,

PRAT EURIARES 1 B0 e 51 R AT Ik

T T T iE—BIN Cappend) , FfA Cinsert) , &3l (index) , M (pop) ,#BEHENIREY
25 2] o ACAFATAR — AN A A B [R5 R AR B R SIS A A, B X A L. AR, AN &R
5. BB TR ERNATIRP M E M S . AME IR PALE LR M 0 FFUG I EEEL.

£ T7 /R

LT 5I3 1) append J7i%. JR4a HIURIIRE P B TA) 2 2% 2

248 BN, ARIRA AT RESS M E RN 0 (n) [EE. HIRIRSG “TEFR” JER
m—AgE, JRATLLS M RRIR N 0 (1) ISk, RRIIEIRRN BRI 0 (1) .« i
B OXIRTER S AR 2 RIS DL, RN EE 0 add Trik.



3.6.3 MR EIRM: HFIFyE

WE, BAEER—EBHRAFTFIRNTIR., G0, MEMXFARNEBRIRE—NEFIIE
FHF), BBAETIAER 17, 26, 31, 54, 77193, AH 17 E&/NM, FFNERINERFHE—
JTE. FA, FAH 98 ERANTE, EEIRTHNERREN.

HFRIIRNEMNZE-MBIENEEE, E&E66T, SITREMEMTEE —METTEN
RERAMFNE. REBMNELAETIRTEFEX T —MERXBLLERR/NERE, WHFE
BRAFIEF. BFRIERNTFSTEMLTFRE .

OrderedList() : BIE—NMHNZEHEFIER. EREA—NDZHFIIRFEALFREBIFTSLH.

add(item) ZERFFRBIMFHERL T @IIRFPAFM—DIFNOTE, FOTREASHEEEREK
MEBLREE, REFIRPREFAFEXNITE.

remove(item): MFIZRFMBRENTE . MBMBROTEENSE, FHFESEIRTIER. RRETIE
hFEAERMBIBRAITTE.

search(item) | AFIRFRRENITE, WERRTRIEASE, BE—HRE.
isEmpty() : WIHXFFZEEAZ, FHEBAASEIFBHBRE—MHRE,
size() | REIFIRFITRNEE. FFESH, BE-—DEH.

index(item) : IREITTRAFIRFHNE. FEERRNTEIEASTERAAN, BELTENRS
B, REXPTRAETIRSD.

pop() : MERFFREIFIFRFMRE—T. AHFESH, REMBKRNTE. RRIIERPEDFT
TR,

pop(pos) : MERFHIRE RS pos FEEM. HFEFMBRITEMNRSIEEASEH, FHEBRXAN T
. BRRZTEETIRF.

3.6.4. SLHH FHE

HTRMBFIIFR, BMNATOCE, TENEANUERATEMELEX THEM., BIXEH
MEFERFFIFRGA, 17, 26, 31, 77, 93)TJRUIFRRA—NE 3.23 FrciIsEsE. BRER, T
BENERENE TR TEHANMNENEET R,

B 3.23 HFMR



A7 K OrderedList 2 AT EBELFIIRPERALHTTE. H—XK, —iERE None £k
BB RT—DEHIER. (IR 8)

class OrderedlList:
def __init__(self):

self.head = None

K758

LIAERE RN RO ER FRINRIZERE]isEmpty  size 735 SEIL T F5I AR,
HEMNRAETFRFT ANEEMAEET SSLRE. B, remove At AFTEXEN, B AFHA]
MARFEERIEN T SAREMBRE. BRI THFADTE © search 1 add FE—LEEH

ATE—NEFIIRPEZENTR, BRMNFREH Y LREIRICHEFRD TENIIE
(None) . FEER, HERRMITEAIIRTH, TNUERFIIRPERSTRFIIFRDERNT
%, BEENBEMTEREIRDPE, BMNTUNBEFIRNINFRIRERER,

BN B 324 Bon T AR FFEERPIRRE 45 (TR | NIRRT mEH, B30 17
TR, EA 17 RERMBHMI, BMNBHE TIPS M, 26 RATERMNEHLN, B
MUBEAVEESE] 31, FE 54, W&, FFIIREMNTFIIRERAR. AT 54 TERNEHRD
W, EZAEMNFBEBEAT-MOR, BI4E BHTIREREFHN FNFDXAH, AIXE
FRAELEN, —BHRHRNERTRMNELNE, BT MUEERRIFIRE False, EAXME
RTREARXNERT T .

"'L-':']*":‘.'II '-"U:"I"'ﬂ'l'-'. '.'"-.H"E""I'I'.' CUrrentc
J 1 |
i i i

i

1 L} L
I i |

i i [ i iy

v v v ¥ N

7Y

head 17 26 31 w54 | 1 77 a3 (11
4
\\-_’_’j

& 3.24



K9 BT RBHRRITE, BURMA—DRK stop, #IRLA False THREE (54
1) . BMITURESHINATHOER. 4 stop FIEN False (RMFLE) B, FANAREEAESERPIE
R (B517) | IRAIAEADREENBEATHNEATHNME, FATH stop & True (9-10
1) . MRHBRENLFER—TEHEE.

75 9

BB AMTTEE add. EB—TELFIIRBH add 777%, ABBEAERTIRLIM—DHHOT
Ro XEREENTTE AN, XEFFIIRTRITAEN. EHFIIERT, BMNBICEHH
TRAMERIRR N FENME.

BERMNOBEFIRBESR 17, 26, 54, 77 F193, FHAVEZRME 31, N add F5EkLATE 26
54 Z BFHRIMX NN T . B 17 B 7 BE#ErE. FUTAEBEN, RINETRDERETHK
AINF T RAME, BHKN, YBMBHTT7TENIRBYTARNERTRNENINERN,
IEEE T ARMEF D R E. ERMNOGIFH, HEITE M #MELBD.

prev'll:}us current

head 17 TR I T e—— 54 77 93 ||1

B 3.25 mARFERAMTE



%5 10

EMHRNEFEALFIIRN, FTER - 5M%5%5, BD previous, AAHFITHREARENTHEREN
PR (AI—NTR) BpEAaE. R 10 BR 7288 add 777E. 172 -3 & B35 current #
previous, ¥ current ORI ABANFRE, 17 9-10 FXEBLL previous FEEHEE current HFTAT
Ro 15 MR AT current BEMELLERMPNEANT R, NBRBHIZTENIRBARM, EXH
FERA, BMNBBTARNMFDROMNE, BARER. ZAEERNPBER T RENFHESERE,
WNE 325 Fime B—MFHNTRHEESE, B—F THRASEXND RENIZRINERERA LT
AIRFESERFE . FB—K, ¥IMF previous &4 None (1713) FJRURMHEER.

OrderedList 260124 A 1E EZIiE T BI777A ] UFE ActiveCode 1 H#kE|, HRITEBELS.
LEMEFIIRNRE, REIZFHEE BT FISIESERN R,

3.6.5. BER LI LM
SEREPHT

YDMERTENEREN, RINNZERENEERTERBDMER. ZER—H n MR
x, isEmpty FIEERER O (1) , EAERBTEREHRMLIEHEE N None, WTF T34 size,
MBFEnNNPE, BAARTRBHBMNERMIN, BEEMBERAOT . A, size AENE
ZERO (n) . £FFIRM add FENEXEZ O (1) , BABRITKERBEEAERALIBEE
HARIN— NP R, B2, search. remove MEFFIIFRFH add 757%, FEBH. REETY
BRT, ENTRIABERH—FMT S, BXEFENELAEHE ON), FAERERNELT
FTEBAHENER.



ROTRERERE, X AMIIMEES Python IR EFR list AE, XFKAE Python AT list

ARRAKIMA, KBrL, Python HAFIRMILIMEETEAN, TUEER —FHFAIIL.

3.7. /N4

LM HIRERINE RN TR ENNEEE.

# (Stack) BREBFHEYE (LFO) HMMNEFHEALIREY.

#% (Stack) MIEAIEIERZ push, pop FlisEmpty.

BAZI (Queue) EEFZ#HLE (FIFO) HMHMNEFHNEBEIBEN.

BAZI (Queue) RIEAMEIER enqueuedequeue FisEmpty.,

ABRER, PEREAMEEREANBERSREARNHAR.

#% (Stacks) WFRITEEH REMREUREREEFN.

#% (Stacks) BB REERFFN.

BAZY (Queue) HJIXHBNMENFIHE.

KR KI 5 BB AR R B E— D E LN FERNIEE KRR XKENE)-.
WiBAGI (Deque) RAVFEILFIBAG|—HEAR AT HEIRED.

WikBAF (Deque) RYEAIZ1ERZ addFront, addRear, removeFront, removeRear 1 isEmpty.
FFk (List) REFENMVENTENES.
HEROILIRFFZEIF AR REIEMARFRAEELN FHE=E.

X ERFLME TR — IR BN .

3.8 k] (4% MK TE LR IA] ) BR] S HE 41D

LEH S B X ¥ BAF
Seitdet (FIFO) &5 Rk

Sk JEEESEH (LIFO) LEBIRSH
R HERIB il 3

TR [ 351 IoE

RS I B3]

B S &

*34



3.9. 08 &1 e

1.8 ToERE RIXZ RN THS. BHREE.

2 . B TARBZRRARFU AR FILY (EASESHNITE)

a) (A+B)*(C+D)x(E+F)

b) A+((B+C)x(D+E))

c) AxBxC+«D+E+F

3. BERNPRFREABEUNRRFTER (EREHESHIE) .

4 XAEENEMEEE ERNPEREANBEUHERFIEL . BHELNHK

FYSERT 1L

5. HETIESZREARXNE. SHEEMEESFHRERFRAEN R STR T
1.

a)23%4+

b)12+3+4+5+

C)12345%+x+

6 . BAZI (Queue) HI—FHEHRSTIEEA—DIIREMTIMNEAT IR Rin,
XHENBGRRESTEX O ER~EHAMNTM ?

7. fEgERT, A add TTENBMTIFHERNERET A ? SEERERH AT
RS AR ¢

8 . BRLHEINARKE -1 REEER remove J77EIAI LI .

9 . BRLHUIRTIR SR T —— T KB §ER A9 remove TIREMN{TSEEL.
310.REL% >

1. BRPBRERNEARBRREANEEZEZ RAEERBA .

2 BMERFAENRKENEEEZELERRBA.

3. KU—MEAT PRI FRNEWETNERORETEZNEERPRFEENTTE. R
KEZNZMNEZALBRRRARNPHITS, FEERARMMERTERRE, — M FHERIES —
NERERIEFRT.

4 B E—BMPRKREFEREI—DIHTER.



5. SLI— Queue, fFERH— list {5 Queue HYREBTE list BIFR
6 . RITFLM—PER, XU EFM Queue HITEELLER . IRMIXANEIRZE THA ?

7 . SEIM—ABABIFEEE B enqueue F dequeue FiEF AT A E 2L EEE O(1), thitEWR, 7
AEEIERT enqueue Fl dequeue #Z O (1) , BRT E—FFRIBER T dequeue TJREAH O (n)

8. FE—NUAXEFTHER, HE—DEE, RERIT—DT URBRREBARIALLR
TRERIE R BIE

a) REE—FHITNRE

b) FEREIEEWRAIEE

C) EHEE . &R

d) —MRITIER

—EBMREEMHNEARE, FEEHZTELNESNEERE XEIE.
9. EMALERINE, XA EBYLEENEE eI BIE—
RSN

10 . SKHLESHF. T#HENESHFR—MERT HHEs" (BRE—EHEM 10 MF
) B ERAR . SDEEIAS] (Queue) —#f, ARIBEIRTRIZIAIRFFHELF FRIFENAE.
RGN, BE—NMFHFRERATET. ARG NMUERATEALND . §PNEHR
BIm B B EUE, BARIBEEARR AL E B X AV . than, FERANIET, 534 HNE
EHFHE 4, 667 WHEBAHTFH 7. —EANSESEREARNNEFED, FEREREZR
MAE 0 BIFE 9 MOIF, HORHERE, EFHIATE D, ZEBRSKSEEH- T BUEF F
F. URE—UELETE, FHRTHES T HFFNEUE.

11 . FSTEREEA A — M FEBXAIMCIES (HTML) . £ HTML A, FRi2AFFEE
(opening tag, <tag>) FZ5®R (closing tag, </tag>) BIEREFETE, TIILTRN H Ik EHM TS
R web A4, XANIEFREA HTML XA

RARATR\ESFHRICHLENHELEE. S—MEF, EUMERE HIML XHHPRERL
FC B9 TR R4S SR ARIC




12. ¥ & Listing 2.15 MR RANIET SIEME X FS) . L3R, | PREFER Pl 2— A EIXFES], A
HIWMRZIESE, EEBIMEGEEE K.

13. AT KW length 777%&, BANAERKTHETRNEE. —MRENTERERTHT R
HEEDMMOEIER REFAESERRLS. BREFIRE, BAXMERIFEENRETS length
T1%o

14. SKI remove J7%, EH/HIIRFLEHEEIERNN R ERILEE BT,

15. BBFIRFEEATEERE . BWMLITERZ B XMEMUAFN ?

16. SKIMEFFFIFRER_str_JiEk. XTIERME, FAR—IMFNFHHEERANRI?
17. RBL_str_Jivk, {EHIFR Python MERFRIH K (AAES)

18. SLHLL P39 E fh#%E(append, index, pop, insert).

19. LM—NEFFIRIVIF 7%, EBE start Fl stop WMASEL, RE—M start (LB FFEEE
Ja % stop ALBE{EREE stop (LB RMNEIA.

20. SLINE X FE OrderedList By HMBINRE,

21. ZREFMAEFIRZENIR . BREUERETFIREATFIIRO—DYRK, NE
BRHSKIA R ? KX DORER

22. RPM—ME AR,

23. SRM—ME FABERAIBAT

24. KP—ME BRG] o

25. WATF RPN, FeolUEbE Python WER list F1ARERSILAT list B9 EE

26. BWIFFERI—EL, EETIULBRA Python WE list SLIAIHL. BATIAN R TIA
. BAFIAIMEEE.

27. PRFROTIMERABEEER (singly linked list) , BABATEEFFIHELE—HNT
— AP RMEIH. F—FARENIUAREIHRAN@ETR (doubly linked list) o ZFELEHH, 4
TEFENT—ANBAMNEIA BERA T next) FINBT—NBEMSIA BERA FIK
back) . WRFLEHEFEHENSIA, —MEEHRNE—ANDR, —MEEREFE—1. A Python X
WX A,

28. SKIL—O] B FEERIBATI



4.3% 4 RECURSION

4.1 Htx
TR YL B T 1 AR D 0] A BV A 1 B PR3 VA R
LT R T UG R
BRI F 2 R = RVE
TN Citeration) —Fhif
S ] 5 36 U ik
T g VALE TR GE b T SEE

4.2 HHaRitA

YA RIS R L T, ST A ] R AR ORI ) TR, ] AR B
VAR () B EL R R o S HON TR B0 i 1) RCR sV R R B SIS T B R A
A, BARBIFBCA A AR R, (B, MR SRATRENS S H AR A B AR AR R )RR
%, T HACRAS SR, G (e s FA AR K 2 A S

4.2.1 TFEHCT AR KA

FATIHE AN T8 5 1 T BT AR BATAOERTE 3R A 1A RS 75 24386 A T BUfg e o (RCEn R AR —
T FIRBEAT RN (F1401,3,5,7,9D) 5 A 4.1 Fros i) — Dl AR (for B34 ) SKRANHIFE
Foo EXARBH —ARAER “ Bhnds” AR & (theSum) X513 B T A FECGHAT RANRA, Wk
M0 TTUR, AR LA T AN

ARG 4.1 EARRM

def list_sum(num_list):

the_sum =0
for i in num_list:
the_sum = the_sum +i
return the_sum

print(list_sum([1,3,5,7,9]))

BUE, B IRATANBESE ] while JE3R B for IE3F, TR A IR 2 I id £ 51l 2% b R Bk A7 SR A
We? fRMRNEEER, WARELBRBIR: SRES kg MERANSH— W
TR E TR R 1 1) T E SO AN SR ], B TAT BRI 448 5 10
RIEAREFLRIER, HG T HIZFE A

((((1+3)+5)+7)+9)

FATE AT LA T3 — A5 FR A 5«



(1+(3+(5+(7+9))))

FANEERERARIE SR (7+9) , KR EARATREIF sE RF R S5 s RERE DL . 58
Sk, FATAT AR AR — R AU A ) 27 R T S 2 A .

\

A FAVEFER XA AR AL Python AXRSWE ? 7 SG ik FRATMN Python F1I 3R M BE KR B H AUA
XA R, T AR FZ R FIE — N I6ER (numlist[0]) FIFE S FrA T HR
Cnumlist(1:)) Z ANRAL,  SRAD A AA] PLHA g DL R ) 207

>k

listSum(numList)=first(numList)+listSum(rest(numlList))

FEIXANRENF, first ACRIIRFHIE —DIuE, 1M rest AARAVEZIIRAER 7 H—Iom USE
AR A TR . HWAIRE S 1E Python FHHIAAAS 4.2 FRositik.

def list_sum(num_list):
if len(num_list) == 1:
return num_list[0]
else:
return num_list[0] + list_sum(num_list[1:])

print(list_sum([1,3,5,7,9]))

ARG 4.2 3BJFRAM

XA, A AR EER. B, £ ATF, RImaX MRt 2E1H—
MR BMaEARH RE, FOVE R BB A TR Z . XM —MREOY 1 BIRK U,
ERAEIR A RZAFIRFE L, Hk, EEDATY, REAM T B S KRB E MR
REFFRRY “HBIH” AR . 3 )9 R 2 — MR T B B R AL

K 4.1 feoR 1 X812 (1,3,5,7, 91K A — 28138 Vi P ATGR [ (I R . ARRT LLREX — AR 31K
336 U3 FH B A — RO TR e R A A o A AT 38 UH O D e R il AR AR A ok — N U SE /N T i, >
e L A 12 3] i /NI 45 A3 A o



Isum(1,3,5,7,9)|:| 1+ |_

sum(3,5,7,9) | | 3+

Lﬁl sum(5,7,9) ':
L‘i sum(7,9) |=

B 4.1: FPFIRRAAREHER

20 [ L AL /N B FATT AT LU S M Rt AT TR AR Ak A/ JUASE il L 14 2 SO 1 R L 3
BRI A L. B 4.2 o 1 AIRSRANE — KRBT 2 )5 1 B, 27 5ER A AR A
B 5 T (R SRR ) RS, BRATTHAT 2 TR I R 25 5



25 z Sum(193s597y9) i ]+24

‘Sum(3,5,7,9) : ‘ 3491 ’;
‘ sum(5,7,9) \ .
‘ sum(7,9) l_, 7+9

sum (9) -4 9

Bl 4.2: $FFRRAE A R B R

4.2.2 #H=KER
BB R (LAsimov) B “HLEs N=58/” —FF, IBTH VR0 B = 46 1 B A0 e 1

® BINFE I N IEA G
® BASNEL AL B TR I ) S A G O P i
® BINHEL IS A B S

EFADRE MBI 1 e tE— 8, HFBEBCNREME “BTIIFRRM” ZAF L PR
Mo BE5E, HEAGEAGFAN R A DAL FERE T BRIE S AR A Il AR R KAl 2 — D
B/NEIA] DL B R () . FERCT AR AN, ARG — MR 1 AR,

N TR R, BATLASRFIENPRE, (M FEEARGRR AL RSSO RE
AR AE I — SR e 1. RS OLR , IR AR IRAT ) R R Bt AR 7 AN T . A
By HIFORMEBLIE A, HAR ARG R — N BIR, B AN AZTE TSR L I RR A5
FIRES . BT RARGEAEAF KN 1K, A 1A HA LS AR AT 1 i B R A FE B2 46
FAANRINKE . FATAEACRS 2 192 FoAT ol BUR BURAR % K2R KD 1, A RS
BRI R EREIIE.

A — SRR VAL IR B &, RIER"#IH “HE L. EREEN T2 PR R
ERMRIIRES . M, (REAE D VBRI T, BEOSRR DEE A KR
FRANWT 2> A S /N T, A RO /N T AR 270 31 5 — ST PR ) R AT 1 S FRATHRARE JH Y
IR AR TA L B BN VAL T BATE DR ZEA ek, ERIXADREH



FL B SR AR R 0] B AR A PR S A ANIEIAR, 38 U (32 R ) I S AR PP il L i
DN S/ B ] B[ 5 R AR A R o

FEIRAN BT T A 0 A 1T AT BB 2 ) 50 T3 ISR 0 7, £ A5 b AR S
AT HRAE 328 VA = K R R B T g R ) L 9 77 9

AN T

Q-15 H listsum i+ 5LE0F15KAN1(2,4,6,8,10) ELREAT 2 D UE IR A 2

A)6 B)5 C)4 D)3

Q-16 IR ES — R TIHHFEIEDEFr R A#IA5H%: . fact(n) return n*n-1%n-2..,
ME 0! =1, fFAKSRREEFERGHRZI?

a)n==

b)n==1

c)n>=0

d)n<=1

4.2.3 R BB Al RRAE REE ) R s 10 7 A R K

BB AR AR LR — A BB A O — 0t 1) B 7N i) o T Rt ) B A R TR B, HEREEL 10
et N HE I FR I A5 8 9107, B RoR P A A8 “10107. RV IR 2 B0I0T BUR BRIX A i)
AL BAELETAR Y IR AR IS, (BRI 0 A A R ) R A AR T A

TN FRA TR LA ) 769 NBIE — AN EARR . B RATE — AR/ PR RET 10 A5
%, JEUN convString="0123456789" . I EFIFH AR, RE DK/ T 10 I BEEC 45 Bt B (1) -
Frek . Bltn, nEFEE 9, IBAFRIE L convString[9]Ek"9". W IRATAT LLE E T 769 R =AM
AT 7. 6 19, SRIFIRAESHMG CHMMFETFE . /N T 10 PG RKEN ARG R
-,

W E RO R B FIEE RS 3 M
L A UG REE I oy — I & AN
2) AR TR PSR B A BT R AT S
3) RIXEE AT AT SRR, TR A AR

TR AR R AN T SRR, A AR GE RO EE . BEARBRATIEAE B 5% T R H 0 il
A, AL RATHEE — T ABH RSN T iR oA W RIS FORBRIENIRE . B
LT CASEI, EIRAIIEARE RN AZIRE 2 D BB BREICR K RS T RAT AR 875
Ao LEFRATRTE B W SR Bl B e B 7 Bk DL B R AT 4

FVEEELBRIZERE 769 BRUA 10, ATEE] 76 4 9. X4 T IATHIANIFAILA R
B RER DT ERS T, BEER, B ERERE AT



B, BAMER T AN THIEE T R T 76", EREERATIAE “IR BN T A E ) N B
TSR GE R KA. DRSS 2 B 76 N E R FRF B R AT — Ik fi R
FEARBIEE, XFES SR 7 6.

G, BAVE R EEAERR T 7 AFREER, BB AL R %
ff “n<base, base=10", FATATLMRE Z it FRATNIA W — RFIEAE WK 4.3 A

e TERL BATEZLLAER B RN A MR BOTHES .

Remaindar
oS 769) = TEY /10 | o+ g
toSt(T6) ™ 7610 +* B
v
toSir(7) = T<10 > 7

B 4.3. BEHIFEECH 10 HRBEHIFRH

Rt 4.3 BoR 7RHEAE 2 3 16 Z AN SEIL RS9 Python A6,

def to_str(n, base):
convert_string = "0123456789ABCDEF"
if n < base:

2

3

4 return convert_string[n]

5 else:

6 return to_str(n / base, base) + convert_string[n % base]
7

8

print(to_str(1453, 16))

5 4.3 BHEHBYE TS

HER, 7258 3 ATRAMG AR base, 2 n /NT base WIATA S#EATHA . HIATEN ]
FERGERANS, FA 1215 103 Hd B I AU convertString 81 Hik | #4778 . 755 6 17H,
PTG RIS . =2 HRSEAE L, @ IE I ERE, 3 1 IE VA SE T A B B AT 1] RN
B P Ao



TEIRATT P R [ IR AN B X R IR A T B 5 10 ¥y 2 I FRORIEREE . (“10107).

Remainder
teSti(10) = 1042 + Lk
IDSHr(s) 502 + 1
toSin(2) » 2z + il
_; r—
1oS1r(1) 1<2 L U

B 4.4 BHREH 10 AFRFEBAR 2 #HRR

Kaa SoR 7RG E] T IR SR, (R R T P 1. 2Ee AT B, DS ERAT
55 6 ATHRME LRI, SRJREIN T PR R RR AR RN FIRE convertString &K
S5ARTFIR[A] toStr P, AR BT AT B 2 S (HE T i U PO (R 45 SR FRREAT IE R A, JRAN
32 VIEFRIAIR . XA R A TAE T — T AR A E .

AN AT

H—NRE, B ANFRREASEL FRE A R PIHTF RS .

HANRE, B ANTFREENSEL R R AR, WIRIE True, 75 MR [H]
False. W3 —ANFFFH mATAIR GBS MR, BAaeR—N RS Fliradar &—NE3C. —
B8 75 1) [B] SC A AT DA RS, (H R 75 AR 5000 A M B 2S48 FbR S 5 . Bl Wi:madam i’'m adam /& —
ANEISC . AR R A SR FE:

@® kayak

@ aibohphobia

@ Live not on evil

@ Reviled did | live, said 1, as evil | did deliver
@® Go hanga salami; I’'m a lasagna hog.

@ Able was | ere | saw Elba

® Kanakanak  CFi[hz BN (9 — /N EED
® Wassamassaw (FEIARMibN 1) — AN 308D

4.3 Fewi. SR IS



import Stack # As previously defined
r_stack = Stack()
def to_str(n, base):

convert_string = "0123456789ABCDEF"

AR 4.4

while n > 0:
if n < base:
r_stack.push(convert_string[n])
else:
r_stack.push(convert_string[n % base])
n=n// base
res=""
while not r_stack.is_empty():
res = res + str(r_stack.pop())
return res

print(to_str(1453, 16))

FATBAE T, WERANEL 13 “toStr()” AU I 1L 32 VR F A B AR IR SRS A5 JEAE — il A5
PR, MREE BN, PRSI R ST RS R, B A RN R AT 4
R, AW ? ZEUE BRI FrR -

FE b A S, SIAVEEIGE A toStr() I, AR T X BAR SRR TR
BRI ANE ERATTRE A I RATTES YR T tostr() XA #Un , X BRI A N B 4.5
fie BUERANTA & EHER P ICRHEL AL, 85 FHE M TR — &5 ka5 2] 7 Foa K453
“1010”

B 4.5 7EEHIFBEAR T TR



AT A B AL BATTBESS T A Python S WA HATIE VT R B AT ). £ Python H1, 23— N pR3L
BORFIN, RS R MRS AL B e H o IR R AR . AT e RS, IR T AR
A, IXAME 2R AR AR TS A A B O A B . [ 4.6 PP 4.4 EEDUATS 53R [A]
eI T2 :

(toStr(2,2) )
n=2
base = 2

toStr(2//2,2) + convertString[2%2]

———————————

toStr(5,2)
n=>5
base = 2

toStr(5//2,2) + convertString[5%2]

toStr(10,2)
n =10
base = 2

toStr(10e//2,2) + convertString[10%2]

Bl 4.6 $AT tosStr(10,2) KA AR

EEEME, MA tostr(2//2,2) B, STEARTIE N —NMREME Y, XAMREMERE G 28T
toStr(2//2,2)+convertString[2%2] T &A% toStr(2//2,2), {FIEF]AZAN” 1”7+convertString[2%2], XitsrF
HIAT/E, FRHFR10" S EERTT. fEX—m8 L, Python MR MES G FET
(Listingd) AT IARAN ], FEX M7+, RETELA AR TR BME B A T Listingd &0
SRR . et oh e B Re A FH B A B E T AR AR, BIASE AT — 3t S — 3k 1Y) 3 FH AH [] 1Y) R 2
R AR 2 25 R AP B R R AR S AR — N E . (PR3 R A ERT i HYaED

4.4. E7rid1H



FERT—5rp, BRATES] T iz A AR A 50 R (1 1)L, SR, AT IR 7 — A3 R ) R
HEREIY, ol KR I BT I AR S DT MU AR PRIE RS, X B 7 MRS SRS 1. F
K, BATRE JUAS I VT AR B ST AR BRI R SOE R, R R
Y AR AT SR AU, I3 B VR BE 4 ) R R

R194.5: Aigf E—MBITIRL

import turtle

myTurtle = turtle.Turtle()

myWin = turtle.Screen()

def drawSpiral(myTurtle, lineLen):
if lineLen > 0:
myTurtle.forward(lineLen)
myTurtle.right(90)

drawSpiral(myTurtle,lineLen-5)

drawSpiral(myTurtle,100)

myWin.exitonclick()

FATHRAE B TR AL Python [V /BRI, HAFRON turtle. I f il EBLHGR I FRCA T
Python [IFRAC, JIf HigfEfRIH, BAKRIMRE SR, (R IEE—RilFf, A5 Emtnl ISRATHT
BE JEIRL AR FURFAE— RBIERAE . AR DL R B E R AT T . i R
TOREUEHR, BEEERNES, ERRERSER R L TR, thelREmE 7. N T RIS
MEARNE, RAT AR L (Bl ) MITERE, HmT LAk il i m 2 e .

T RFATHOE L — MR RG] 5, SRR — i R RS A T . A2 i iE i
AR — MR e 2k, AU 4.5 AR SKIUX A, ERATTIAT turtle Bibs, FAT0IE—
Hifgta, H—ifgtafelda, RAOTBtFER R 7 —Maeibed B R e 0. 51 Rt
K€ drawSpiral() 1X>PREL. IXANR] L BR BN FE A GRS A IRA TR R A (R A2 B
HE linelen 225D J/hE] 0 BE /N T 00 HZMIKEERT 0 I, FRATE A &b F RT3 linelen 4>
fir, RIGEAT 90 B, SRJGFEX T, HERAT drawsSpiral() &%, (HZEEAN—A/NT linelen
A AL HKE . AR, FATEA T myWin.exitonclick() pR%L, X2 —MEFII/ME
75, ERSRETAIURE, SFRIREGE DR, T4 2065, REREFIRH.

XA BB R ERIE R T A SR N, A T, ARt REm ) — LI sT i ]
ZT o TP PRATERE TGN . 5 (fractal) SRIETEEE R —N0 3, IF HAGR B
FABL. X TEE G, TERARUMATBOR I, R 2R A X0 B T DR AR AR AT AR
HME. EERFAS, SIRREITARERERL. S48, ik, BEE R FEA oT LA 53 TR 1Y)
R IR ARSI I ARAE I T I, SRR PR D AT BE s Dy sl R AR AR R E SN
o FATHIR A7 B2 R TR .



N T AR AR e — R T, ARG 23T 0 S D5 ORI — B R AR . — e
ACAEFRA] L e i ) 3 P48 (0 A2 A8 L e anr O A8 B ARDLPE B AR P8, SR e R I8 — AR B
TR, BATSATCAGL, AR AN B 5 B R BT AR AR AL AR AR, AT
HUAT LCRER E SO — AN A 2 SRR, AR SN OE Sy, S R AR LN A T AR AR,
AT DA A g — RO A0 502 F K e A i 2 5 73 SRR /N AR 2L

PUESELETRAT SR T X A R B3N Python ARAY, 0 F PR~ WRIRF4IRE, 5 HATH
FLATSEIM R, 3 RATRIESIE AR 20 BEIATIIE B, X HE LB T
BIMIFA I X REESE-BATY, WHOGHIT T T UOE IR, X —IREER AR 40 FEEHUT
M. Wbzt 40 FERIRBDE B OHGE LA R 20 B, SRS FE M A ATAMY 20 FEOF e E
RTINS . BeAh, RATTFEEER, FRFATN tree HEAT 8 VTR FH OB %, branchLen 2x#f k2 —it

def tree(branchlen,t):
if branchLen > 5:
t.forward(branchLen)
t.right(20)
tree(branchLen-15,t)
t.left(40)
tree(branchLen-10,t)
t.right(20)

t.backward(branchLen)

B, X T R RE A B X ORI . IR EE R ITREE AT Of 1A, B AN
FEARGEARM RS, UM EJET —E K, EHm ek lL.

A5 4.6 XA TER BT (R 5E B, FEARISAT IR BUACHS AT, 5 VR — TR X ARB 2 fr o] ff
TR, AP T — RS R, AR i A R ERE TR B AL, Wil
(v N 1 238 e 2 S 1 A S 2 i P A3

THR OIS, B AN X AT R — s R T, LSRR 2 ] — B 51 4 B EL
F)EEFI M ? ARATAER] 4.7 g BNXLS, IETEREE, B3 e AN s T, X
AR FPAE 58— SR A2 W BT 2 AR AT AE ] 4.8 FRR BIXHRM A A . KR, FEF
{8 2 GRELISAT R T (1 22887y, SR E I ASRAERF IRy S ok B d /e 3L AR — 32, T2 &
ZHTRRE, AERIE S IR BT, S 2 70 SCRVEEAN A 870, AR5 PR [ ) /2 2 7

o



B 4.7 HREER

B 4.8 RN E—RI—AERD



import turtle

def tree(branchLen,t):
if branchLen > 5:

t.forward(branchLen)
t.right(20)
tree(branchLen-15,t)
t.left(40)
tree(branchLen-15,t)
t.right(20)

t.backward(branchLen)

def main():
t = turtle.Turtle()
myWin = turtle.Screen()
t.left(90)
t.up()
t.backward(100)
t.down()
t.color("green")
tree(75,t)

myWin.exitonclick()

main()

15 4.6 : FBIEE—RW

TR T B PR R R P R R R U R — AN R, BV R D R ILX R BRI A s, B
H AR I A BRI H R 7 i 2 I IS FE XS PR X B2 A5 R I 5 ) B> 45 AR p Al — L8482, B iR
FRR — AR ORAE R AW b5 S



4 TJ1 /R

PR I — A B AT [ I TORAS EUR 3 VAR R -

L B, SCBLREE MR I BEA T, 2R 2 B AR R A2 4

2. BB, SEIL AR AR R A RO 5, A G

3. Bk e IR I R IR A L, (A AR B (TR A B2 AT LAAE — 2 Vil P B AL
A, BIAEERAE 15 £ 45 Z AL, 2R, MRS A IR T
4. AU VA I BRI R, BRCRT AR — NN A2 — A REDEE

4.4.1. YR =M

AT E AR EWE I R R R = =AY, mE =R, BRI =1
BRI GET AR R = AR RO BRAR R R NRAR=MIETT S, BUE RS
e =2 gk, AT E R T U =T BB DA =M TR B P IR RS,
MER=AM EM=MABEE L ERRE. 4R X — R =MIBZ )5, R AT DA U
RPN TR =" A B =MTE. WRIREEE LB, TRataeCRE RSP, IHE,
PABIRAE GRS T £ HIR W RE2E A Ol /R S =8 1, A L i it 77 vk i — e !



E4.9 WRRHFE=AR

BESRBATT AT LU FRIBIS AT XA, A E MR LR GEA RAT ANE? BATATLLAE L, el
FERGEFR AT AT B W E N EATRZE E R =R, BATEZEEHAT LR, it el Bl
LR A, XK BB TR, A 2 3RATHAT — s R P i, AR
HEROHLR 1, ELRIEE 0 ik, X RAEIE RS R . AU 4.7 8RR S = AR AR
.



def sierpinski(points,degree,myTurtle):
colormap = ['blue’,'red’,'green’,'white','yellow’, \
'violet','orange']
drawTriangle(points,colormap[degree],myTurtle)
if degree > 0:
sierpinski([points[0], \
getMid(points[0], points[1]), \
getMid(points[0], points[2])], \
degree-1, myTurtle)
sierpinski([points[1], \
getMid(points[0], points[1]), \
getMid(points[1], points[2])], \
degree-1, myTurtle)
sierpinski([points[2], \
getMid(points[2], points[1]), \
getMid(points[0], points[2])], \
degree-1, myTurtle)
def main():
myTurtle = turtle.Turtle()
myWin = turtle.Screen()
myPoints = [[-100,-50],[0,100],[100,-50]]
sierpinski(myPoints,3,myTurtle)
myWin.exitonclick()

main()
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rowsinMaze = rowsinMaze + 1
self.mazelist.append(rowlList)
clak: columnsinMaze = len(rowList)
self.rowsinMaze = rowsinMaze
self.columnsinMaze = columnsinMaze
self.xTranslate = -columnsinMaze/2
self.yTranslate = rowsinMaze/2
self.t = Turtle(shape="turtle')
setup(width=600,height=600)
setworldcoordinates(-(columnsinMaze-1)/2-.5,
-(rowsinMaze-1)/2-.5,
(columnsinMaze-1)/2+.5,

col|=

forlc (rowsinMaze-1)/2+.5)

def drawMaze(self):

for y in range(self.rowsinMaze):

col=col+1



for x in range(self.columnsinMaze):
if self.mazelist[y][x] == OBSTACLE:
self.drawCenteredBox(x+self.xTranslate,-y+self.yTranslate,'tan’)
self.t.color('black’,'blue')
def drawCenteredBox(self,x,y,color):
tracer(0)
self.t.up()
self.t.goto(x-.5,y-.5)
self.t.color('black’,color)
self.t.setheading(90)
self.t.down()
self.t.begin_fill()
for i in range(4):
self.t.forward(1)
self.t.right(90)
self.t.end_fill()

update()



tracer(1)
def moveTurtle(self,x,y):
self.t.up()
self.t.setheading(self.t.towards(x+self.xTranslate,-y+self.yTranslate))
self.t.goto(x+self.xTranslate,-y+self.yTranslate)
def dropBreadcrumb(self,color):
self.t.dot(color)
def updatePosition(self,row,col,val=None):
if val:
self.mazelist[row][col] = val
self.moveTurtle(col,row)
if val == PART_OF_PATH:
color = 'green’
elif val == OBSTACLE:
color ='red’
elif val == TRIED:
color = 'black'

elif val == DEAD_END:



color ='red'
else:

color = None
if color:

self.dropBreadcrumb(color)

def isExit(self,row,col):
return (row == 0 or
row == self.rowsinMaze-1 or
col==0or
col == self.columnsinMaze-1 )
def __getitem__(self,idx):

return self.mazelist[idx]
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# Completed maze program
# Takes maze2.txt as input
import turtle
PART_OF_PATH ='0'

TRIED ="."

OBSTACLE ="'+'

DEAD_END ="-'

class Maze:
def __init__(self, maze_file_name):
rows_in_maze =0
columns_in_maze =0
self.maze_list =[]
maze_file = open(maze_file_name,'r')
rows_in_maze =0
for line in maze_file:
row_list =[]

col=0



for ch in line[: -1]:
(columns_in_maze-1)/2+.5,
(rows_in_maze - 1) / 2 +.5)

def draw_maze(self):
self.t.speed(10)
for y in range(self.rows_in_maze):
for x in range(self.columns_in_maze):
if self.maze_list[y][x] == OBSTACLE:
self.draw_centered_box(x + self.x_translate,
-y + self.y_translate, 'orange')
self.t.color('black’)
self.t.fillcolor('blue')
def draw_centered_box(self, x, y, color):
self.t.up()
self.t.goto(x - .5,y - .5)
self.t.color(color)
self.t.fillcolor(color)
self.t.setheading(90)
self.t.down()

self.t.begin_fill()



elif val == TRIED:
color ='black’
elif val == DEAD_END:
color ="red'
else:
color = None
if color:
self.drop_bread_crumb(color)
def is_exit(self, row, col):
return (row == 0 or
row == self.rows_in_maze - 1 or
col==0or
col == self.columns_in_maze - 1)
def __getitem__(self,idx):
return self.maze_list[idx]
def search_from(maze, start_row, start_column):

# try each of four directions from this point until we find a

way out.Xl# base Case return values:[Xl# 1. We have run into an obstacle, return false



maze.update_position(start_row, start_column) if maze[start_row][start_column] == OBSTACLE :
return False(X# 2. We have found a square that has already been explored

if maze[start_row][start_column] == TRIED or\maze[start_row][start_column] ==
DEAD_END:

return False
# 3. We have found an outside edge not occupied by an obstacle
if maze.is_exit(start_row,start_column):
maze.update_position(start_row, start_column, PART_OF_PATH)
return True
maze.update_position(start_row, start_column, TRIED)
# Otherwise, use logical short circuiting to try each direction
# in turn (if needed)
found = search_from(maze, start_row-1, start_column) or \
search_from(maze, start_row+1, start_column) or \
search_from(maze, start_row, start_column-1) or \
search_from(maze, start_row, start_column+1)
if found:

maze.update_position(start_row, start_column, PART_OF_PATH)

else:
maze.update_position(start_row, start_column, DEAD_END)
return found
my_maze = Maze('maze2.txt')
my_maze.draw_maze()
my_maze.update_position(my_maze.start_row, my_maze.start_col)

search_from(my_maze, my_maze.start_row, my_maze.start_col)
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( 1 + numCoins(originalamount — 1)
1 + numCoins(originalamount — 5)
1 + numcCoins(originalamount — 10)

numCoins = mini
1 + numCoins(originalamount — 25)

def recMC(coinValuelist,change):
minCoins = change
if change in coinValuelist:
return 1
else:
foriin [c for c in coinValuelist if c <= change]:
numCoins = 1 + recMC(coinValuelList,change-i)
if numCoins < minCoins:
minCoins = numCoins

return minCoins

print(recMC([1,5,10,25],63)
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def recDC(coinValuelist,change, knownResults):
minCoins = change
if change in coinValuelist:
knownResults[change] = 1
return 1
elif knownResults[change] > 0:
return knownResults[change]
else:
foriin [c for c in coinValuelist if c <= change]:
numCoins = 1 + recDC(coinValuelist, change-i,
knownResults)
if numCoins < minCoins:
minCoins = numCoins
knownResults[change] = minCoins
return minCoins

print(recDC([1,5,10,25],63,[0] *64))
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def dpMakeChange(coinValuelList,change,minCoins):
for cents in range(change+1):
coinCount = cents
for jin [ c for c in coinValuelist if c <= cents]:
if minCoins[cents-j] + 1 < coinCount:
coinCount = minCoins[cents-j] + 1
minCoins[cents] = coinCount

return minCoins[change]
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def dpMakeChange(coinValuelList,change,minCoins,coinsUsed):

for cents in range(change+1):

coinCount = cents

newCoin =1

for j in [c for c in coinValuelist if c <= cents]:

if minCoins[cents-j] + 1 < coinCount:

coinCount = minCoins[cents-j]+1
newCoin = j

minCoins[cents] = coinCount

coinsUsed[cents] = newCoin

return minCoins[change]



def printCoins(coinUsed,change):
coin = change
while coin > 0:
thisCoin = coinsUsed|[coin]
print(thisCoin)
coin = coin - thisCoin
def main():
amnt = 63
clist = [1,5,10,21,25]
coinsUsed = [0]*(amnt+1)
coinCount = [0]*(amnt+1)
print("Making change for",amnt,"requires")
print(dpMakeChange(clist,amnt,coinCount,coinsUsed)," coins")
print("They are:")
printCoins(coinsUsed,amnt)
print("The used list is as follows:")
print(coinsUsed)

main()
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>>>15in [3,5,2,4,1]
False
>>>3in [3,5,2,4,1]

True
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def sequentialSearch(alist, item):
pos=0
found = False
while pos < len(alist) and not found:
if alist[pos] == item:
found = True
else:
pos =pos +1
return found
testlist = [1, 2, 32, 8,17, 19, 42, 13, 0]

print(sequentialSearch(testlist, 3))

print(sequentialSearch(testlist, 13))
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def orderedSequentialSearch(alist, item):
pos=0
found = False
stop = False
while pos < len(alist) and not found and not stop:
if alist[pos] == item:
found = True
else:
if alist[pos] > item:
stop = True
else:
pos =pos +1
return found
testlist=[0, 1, 2, 8, 13,17, 19, 32, 42,]

print(orderedSequentialSearch(testlist, 3))

print(orderedSequentialSearch(testlist, 13))
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def binarySearch(alist, item):
first=0
last = len(alist) — 1
found = False
while first <= last and not found:
midpoint = ( first + last)//2
if alist[midpoint] == item:
found = True
else:
if item < alist[midpoint]:
last = midpoint -1
else:
first = midpoint +1
return found
testlist=[0, 1, 2, 8, 13, 17, 19, 32,42,]
print(orderedSequentialSearch(testlist, 3))

print(orderedSequentialSearch(testlist, 13))

Codelens : ZHEER—NHFER (BEK 3)
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def binarySearch(alist, item):
if len(alist)==0:
return False
else:
midpoint = len(alist)//2
if alistimidpoint] == item:
return True
else:
if item < alistfmidpoint]:
return binarySearch (alist[:midpoint],item)
else:
return binarySearch (alist{midpoint+1:],item)
testlist = [0, 1, 2, 8, 13, 17, 19, 32, 42,]
print(binarySearch(testlist, 3))

print(binarySearch(testlist, 13))
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[FIFER), S5ANIZIIAENE0, (HZX AN BIME2, FOERE T RINE 2. e
— M EHEIE20, ABZIEEIRE9. (HA M TR, TRIADHGLIERN, Fi1kFEE
TH810,0,1, 712, EZ&IRATHRE] T EHES.

T a4 55 20 26 93 17 MNone Mone 31 54

BI8: | LAERNMRITR

— AT RITF IO A2 AR S — MBI, o EE 2 A ) A A T A AR R B4 77
EEARRYE . BB TR EEES, it HHLHIEARS, HAEBEEMS, KIS, L
FATIRE FC AR IATT 2008 ? BUERIME L, (HAAMOBAAFRAIZ31. X FATARE
a7 PR (B, RO ERATRIE R W] BEAFAE 0P R . DUERATH EAT LM R, WE10TT4G, B3
FATHR B B Hm 2080 R 2 — T



BAERNER — DR AUE P ERP RS Bl SR RE . ZXEWE IR T F—#
B TV Z PR RIS, AR — RAIEHOR SR RNIATE . 1K 208 IEAEBERN BB s >
Agem, MEERNZATE R0, K F20MABAIER . HFHREMA RS R O 24
Bk id JE B B BHT ) S XS IR 9 .

0 1 2 3 4 5 6 7 8 9 10

(¥ 44 35 20 26 93 17 Hone Hone i1 54

Bl9: — NS N0 B AR

R AR R i R D R YT R AR INBR, BATAS B2y — > SO, T
BRSO, KRR RESE NP 23t g B L SR A R, T e B i) R T AR R
10fE7R 1 [FIA (K0 K0t ST (] Je e+ 3" e M R (K 7 M R R o 487 R — B — b R B,
FATRE AR B PSR TR — BT A

KI10: FH“+3" Mtk R

X Fp i SR A S TR R R R ARV E R . O R T 2
newhashvalue=rehash(oldhashvalue), %} fij 8L PERRM, & 1 B 2
rehash(pos)=(pos+1)%sizeoftable. X} T“+3" A HIFHHH], ©MEAENZ
rehash(pos)=(pos+3)%sizeoftable. 74N K 1T\
rehash(pos)=(pos+skip)%sizeoftable. 77 Zi¥ & 1) — fiie, Bk 8 1 A Hon R BT
AR m AR . BN, FURESHNE. TR — S, FRATEE RO E &
B, X R IRA RS BB R R A

J3 AP PRI T7 i A ZIRERIE . BATAS R A P S h e el [ 52 AN HOAl, T
i — RO BR AU R A R A K6 I01,3,5,7,9,  LLBESRIE. X RS W R AN
EhA, IAFBBIN U F AR+, h+4, h+9, h+164, DI, a2, Rk
A — AN RS 0 58 4~ T BB E N B BRER M . I R T 3R 1R IS F IR I e 1
LR

B11: FIH R AERR R R

i AE R R BT AR RV MBS A A MR REEE) o B
RV LN EARIAE RS R P H ML E B B RRER, B R HEARNIZAL T HI .
BEE — MR EEE RS 2, SRR Bt b 3. B8R T Bl R A M B T iR
NG IR



None MNone MNone Mane Mane

E12: FIBR BT IR R R
EE el

Q-17 = X T—AFI3MERHEIR, 27A130K S BIHENEE LA 2
a) 1,10

b) 13,0

c) 1,0

d 2,3

Q-18 : AR T H 1B AR 4 2R PR SR 7 v E NS _e e, R — AN IR T I s 3Rk T 3EN
2 JE sy R ? 113,117, 97,100, 114,108,116, 105, 99

a) 100, _, 113,114, 105, 116, 117, 97, 108, 99
b) 99, 100, _, 113, 114, 116, 117, 105, 97, 108
c) 100, 113, 117, 97, 14, 108, 116, 105,99, _,

d) 117, 114, 108, 116, 105, 99, _ , 97, 100, 113

5.2.3.3.SEHLWR G 0 3l 5 Hoae R Y

Tt Python i iy AR SR AL 2 — o 5 IR — M) DU A7 3 B - et R SR IR B S 7
B IR E AR AN E A IR AR A I H XA AR ARV BR G

WS (il R AR E R B DN E S N R B2 18 SRR T AR SR e
WS T A AR AR ), AGRIE RN 2 (B — — X R FR o WA DAR (AR g A -

®  Map() /"E—FIEBGT, R [ -AEBRG S

®  Put(key,val) 1EBS A IN—DHT 0 P-BE N . WREHC2AAE, B2 IH R
E BB

® get(key) 45E— key i, RFICERMIHEHE, #AFEAE, &EINone .
®  del MBS HBR— N H-EAEX, FEHEXCN del maplkey]
® len() iR [EIBII IR Ak s BH -0 ARG )N S



® in HKidiEkeyin map, ElF True& iR [F False

TUL AN BRI AR T 45 8 S I, JRATTRENS IR 4R 31 5 HORBR M B (E . v 71845
RAMRIEAL RS I, FATHE R 2 T35 . BATAT UE ] — NI 51 3R s ik —
INERER, HRTEFINERMARIIRN TR BN GRS R R R
I R A EAEO (1) il

FER2PEATIZ AP B A E — M HIBIFRSE (HashTable class) Sk SEH T 4 45 4
KM, Hp—AFrouslots () , FIRFEMEED], 55— TATSIR R data, FISRAF# e e .
HEATE R AEPI, 0 datad| 2 o A AL B LR AF B X B EE B . AR T ARE, JRAT
E PR IAE— DMEONRR AT TEREBBIRIIYIIE RN RGBSR RS 5 A
B, AHRRRHE Y — DN RO R AR LI, IR BE 5 (8 7R R b % 10 L 1) SRR R AT e R A fe K
fEM.

*2

B B BUS I R ERR AR DT 10 X BLA P R AR BRI AT+ 17 IO M PRI . Horhputesy
B (LRI B —ERER B — D RELLHT I PN, BRARE L4/ self. slotsH 77 7E .
BT RXFERBBL, ERE TS M S RS, A0 RIS L R A 2, I R
(rehash) BREE KBV E. R - NESHM O S IZEN, B2 gk LR E 2
N TR E



23
3

FBL, getpRdl (MR WRELUEEVINESMEL. WIRERAEX B S, HHS)
(reshash) BRHEUR 245 FHRIAE — FAS P RBAEE X IMALE . R B 16800/ 1 IRATEA F




IR A, PRE T RBIEASIEASCEI . XML T, ARS8 P v
REMUAY, XY R—AFEM.

KBS (HashTable class) [If/a L3R fEIR AL FASM T HLRTNRE. WATEE 78K
fF getitem Ml setitem FVFEH “[17 XM TV, XFKR— B —MHIIREE,
T B R SR AT A AT B o SRATHETR R IR AE R

def get (self,key):

startslot = self.hashfunction(key,len(self.slots))

data = None
stop = False
found = False
position = startslot
while self.slots[position] != None and not found and not stop:
if self.slots[position] == key:
found = True
data = self.data[position]
else:
position = self.rehash(position,len(self.slots))
if position = startslot:
stop = True

return data

def __getitem__(self key):

return self.get(key)

MG 4.4

NI R T #5123 (HashTable class) [iffE. B edAT@# L — NIRRT
— e ORI RN AT R O B A B

>>> H = Hashtable()
>>>H[54] = “cat”

>>>H[26] = “dog”

T P



B NORIRA TR s ) FAE 25— B o T3 R B 2000 L 1 B A A B e T

>>>H[20]
‘chicken’
>>>H[17]

‘tiger’

>>>H[20] = ‘duck’
>>>H[20]

‘duck’

>>>H.data

[77,44,55,20,26,93,17,None,None,31,54]

>>>H.data

i
[‘bird’,’goat’,’pig’,’duck’,’dog’,’lion’,’tiger’,None,None,’cow’,’cat’] 3
~s nrint/HTaQl) &

F T A2 T R

FE 3T 2R A A P A7 L I oo 2 B A BRI 2 1R B 1 BRSOk, AR B, AR A KA
PRI AUBAR, X RRE B I SR AT RER AR EAIAIZA T E B RER, X
BRI TR, R SIE BB eh e . SR K R AR S AR A BOR A
A, it EHORERZ [1 BE R RAR B — 2l RS8BT VA MR ph 5, IBHTHE 2 (K bR
TR AL R AR B b 2 A7 il bR B 2 1) M 0

MIHT—HE, AV S — AR — AR L R AR X F— AR
BRI RIS R, T HOHRERIORAR 2(1+ ), T AR 0 R R ) 77
SHER A YOROT R ek IE (1 ()). SRR MO AT, 1T 0 T E R Ul
Rl + 5, TERRIIIT K b TAK RS



5.3. 8L

5.3.1. 5 H

BWHFP X — MR D IRE SR CE BRSBTS
FIRSAT — R, A — N EKIHHE T IR E . Kk EJE, SRR — D Es &1
FMM A E “ Bl

EATIIY A T IER . WERBIRATnIN, 25— Ok g2 B in- 100 8l . i 209E =, — B
Rk GRBERHE I RN 52 SCR/N) - BEE A2 B U BB h B — A, Bl eIk —H
Jat%, HEEIXYCGR PSR .

First pass
-

54 93 | 17 | 77 | & 44 | 55 | 20 Exchange

26 93 | 17 | 77 | & 44 | 55 | 20 No Exchange

26 93 | 17 | 77 | 3 44 | 55 | 20 Exchange

26 17 RO 77 31 44 | 55 | 20 Exchange

S

26 17 | 77 | 93 | 31 44 | 55 | 20 Exchange
— e——

26 17 77 3 93 44 55 20 Exchange

e —

26 17 | 77 | 3 44 | 93 | 55 | 20 Exchange

26 17 | 77 | 31 | 44 | 55 | 93 | 20 Exchange

26 | 54 | 17 | 77 | 31 | 44 | 55 | 20 | 93 93 in place

after first pass

- S

B5. 1 EilEHF: F—KEh

S Yom PiFaRS, mOKIEER I G A . IMAEERIn- I HEEE T, BD G n-2 N L
BB o BT U AR R AR KIANL, P i 0 P RS RO -1 e lin-1
U2 5, s/MIBEEI— g O A0, AT E A PAT AP B A 12 5E R R HERE
FIRRE. & RIS, i S e R B DTS BN R B L S R -

AT IR, AR “ZZHe (swap) 7, PythonH (A el fE 5 HALVF 2 R fRiE =
AFE. EHERU, ZHINR IR E - DEAAE A ED o BRI B
A LA S AR P B L U G0 AR B B B s, Hrh - MEm S s A .



temp = alist[i]
alist[i] = alist[j]
alist[j] = temp
B2 fEPython 8, WL “[FINRE" . @i “a, b=b, a” MIEA) AT LLLEFANRAE 54 [m] I 24T
CanBl2) o F [ s AR 1) 7 92 1T DA — 25 1R A SE A e A

AR 1 5-TAT A 38 LA S 1+ 1T 1 AR ) = AT A, JLSEHRA T T DA [R] e R {B R A 6k
K

Most programming languages require a 3-step
process with an extra storage location.

; r—?ﬂd ﬁ j
B3 44

\ r

1st 3rd
i L

temp

yF N\

a3 44

&5.2 Python \;J BAME IR e

In Python, exchange can be done as
two simultaneous assignments.

T RS RN TSI E R ) 58 B R A

def bubbleSort(alist):
for passnum in range(len(alist)-1,0,-1):
for | in range(passnum):
if alist[i]>alist[i+1]:
temp = alist[i]
alist[i] = alist[i+1]
alist[i+1] = temp
alist = [54,26,93,17,77,31,44,55,20]
bubbleSort(alist)

print(alist)



RF55.1 BEWEHEEF (1st_bubble)

THEBEATR TR W . {EEER, AEPESIER P RBEE A, H M n i
FIRHAREEATn-1VGH [ . R UoR T RRJCHE P 75 2 OB A K BRI AN -1 i 7
IEBHEA, B1/2(n"n) o EEBEZREENO () o ERIFIITEN T, WRIIRCEHGT, A
AT A e HRAERIAHITEIL T, & — KB AT — ks He, PR, AT SRRk
Ko B AL — 2

3 7 A IR HL
1 n-1
2 n—2
3 n-3
n-1 1

Rigo. 1 BWHFEUGRE I R

RN B R 7 L ATEAE fe A B AR B BT AW AZHEE I, Fr UE 28 B 2 AR HE
FPoTid. 1Xse IR S HRIEEAE T V2. (H2, T 5 2 P B AR A
oy, e M — R 2T TR B G R W R B i R A S e, AT
HUATWE SR D iy . IR R B, AR CRPIRHGF 500 TR ATAE . Xl
Yl WER PR A T B LG I sti Heer, BiRHE sl A S B R DA R ISR R
SEZNEEHR . A2 R R IR E AT . Il AR “EE R .

def shortBubbleSort(alist):
exchanges = True
passnum = len(alist)-1
while passnum > 0 and exchanges:
exchanges = False
for i in range(passnum):
if alist[i]>alist[i+1]:
exchange = True
temp = alist[i]
alist = alist[i+1]

alist[i+1] = temp

passnum = passnum-1



1. &eEfFEyEi9, 1, 9, 7, 3, 10, 13, 15, 8, 12] , W FWEAIIFE R BWHTF S =008
22

a) [1,

©

, 19, 7, 3, 10, 13, 15, 8, 12]

b) [1,

5,0

7, 9, 10, 8, 12, 13, 15, 19]

c) [1,

_\1

3, 9, 10, 13, 8, 12, 15, 19]

4 [,

©

, 19, 7, 3, 10, 13, 15, 8, 12]

5.3.2.3% & HE 7

EEHE RIS T B INH TR, R — IR B R R A — B, RIEAT — ok D R
PR, el E, BEeRI ERmOrE . MERHEFE 8, S—wEfE, &K
PETU © A6, 28 UGB DI RORIANE . X AN R R EEEAT, — L5 Ein-1 108 1 K HE I n AN 5L
Wi, RUAER G — AR L 0 -1 ) 2 5 7 e A4

BISIEIR T BEHEFP AN RE . B — VO T, BRI Tip ik v, B o HER IE A7 &

BT 793, B TIRHEEF 77T, SR HEGF 755, DABEHE. AR LRIR TSI e HE

26 54 a3 17 77 a1 44 55 20 93 is largest

26 54 20 17 7 3 44 55 93 77 is largest

28 54 20 17 55 3 44 77 83 55 is largest

26 3 20 17 44 77 93 44 is largest

stays in place

b
26 54 20 17 44 <y | 55 rri 93 54 is largest
——— r——
54 | 55

28 31 20 17 44 54 55 77 83 31 is largest

26 17 20 31 44 54 55 77 93 26 is largest

5.3

%
= 20 17 26 a1 44 54 55 77 93 20 is largest W

]

17 20 26 a1 44 54 A& 77 93 17 ok
list is sorted




def selectionSort(alist):

for fillslot in range(len(alist)-1,0,-1):

positionOfMax=0

for location in range(1,fillslot+1):

if alist[location]>alist[positionOfMax]:

positionOfMax = location

temp = alist[fillslot]
alist[fillslot] = alist[positionOfMax]

alist[positionOfMax] = temp

alist = [54,26,93,17,77,31,44,55,20]
selectionSort(alist)

print(alist)

H AT B\

1. &yl 7, 12, 14, 19,
I T 2 Je i 5132 2

a) [7, 11, 12, 1, 6, 14, 8, 18, 19,

b) [7, 11, 12, 14, 19, 1, 6, 18, 8,

c) [11, 7, 12, 14, 1, 6, 8, 18, 19,

d) [11, 7, 12, 14, 8, 1, 6, 18, 19,

1, 6, 18, 8, 20] , W FMEANFIRBIEFHFH =X

20]
20]
20]

20]

5.3.3.7 AN HE P

TN SE R AR Z20 ()

EHTAERIAA AR BRI B SR

CHHFRI TR, RIER—FRIBEE IR “HmAN 7 BIHTLR TR R, 7R —m. &4
JER THAHEF SR BIREIXIIEBR R T R Rer — P R i 7R



Sel 25 | o3 |17 |77 |21 | 44 | 55 | 20 [ AssumeStisasorted
list of 1 itemn
26 | 54 a3 17 77 31 44 55 | 20 inserted 26
_—
L F
26 | 54 | 93 17 77 3 44 55 | 20 inserted 93
F
17 W 26 54 93 77 31 4 55 | 20 inserted 17
[ = = -
17} 26 54 77 | 93 i | 44 55 | 20 inserted 77
inserted 31
inserted 44
inserted 55
inserted 20

El5. 4 #HAFEF (insertionSort)

FATAN A EH DRI SR Ca e 1. BET— s OANIFRSIn-1D , X
AN BEEE 2 AN CHEGF TR P A B R, RATHE 2 AT LI i 1) v LI AN Bt K
BECRAL. 7RI T AR 8, 868 ST Qe 7R 1 pra Bl b T, gir
DATE AR Ff N\ 224 i 2080 20

KI5, AVEdth R TS TP HP il R . BrEir 8l aeii g, cHrTRPas T
“17, 26, 54, 77, 93”7 LAEHE. AOELIESUENIZ TR FE—IK, 31M93LLEL, 93EKE
VA, B, TTRISAEREA . B F260), BANPETIE, 31gddASIAb. i JATA T
— N EeMNHHR T CHEF TR



MNeed io insert 31

L es 24 Ll g il 44 35 20 back into the sorlad list
17 26 54 T7 g3 | 44 55 | 20 93:;3:hzﬂnz:;ﬂ it

17 | 26 | 54 77 loa | a4 | 55 | 20 77=31 so shift it
1o the gt

17 | 26 s4 077 193 | 44 | 55 | 20 54=31 50 shift it
1o the right
26<31 so insert 31
< = 1 - £2 “ 4 55 0 in this position

B5.5 #WAHF: ERPHF

FEFAFER (FGf45. 4 Sl Hin MR VAT Eiltirn-1008 G (n-12) . T4
N S AR B AT I R, oS AR EE A — ML E RO, R To-l
M B EEHT. BT R, NN EIRRE S — Mo, 2 A E DA AL
PN HEERINAR, RIFAZRTNNHE A R 5e BN “cii” BIR.

SN T AT R 2 M LE B B 2 AL BIn-1 I BT IR B B R, BIEZR R0 () o B
&, WUFIREOLR, RN A R R, RISIR DA H I DL

K “Herz” 5 A AP BBBRE L, @HEHLT, “HB7 KPRAN A
SRRINL/3, PIONVERA —RIRERRIE . ERAEN R, WA R AW AR fE .

def insertionSort(alist):

for index in range(1,len(alist)):

currentvalue = alist[index]

position = index

while position>0 and alist[position-1]>currentvalue:
alist[position]=alist[position-1]

position = position-1

alist[position]=currentvalue —

alist = [54,26,93,17,77,31,44,55,20]



1. e HEFHIE[15, 5, 4, 18, 12, 19, 14, 10, 8, 20] , 1 FWRANF1 26 & 4 N HEFE 268 = Vi 1
2R ?

a) [4,5,12, 15, 14, 10, 8, 18, 19, 20]
b) [15,5,4, 10, 12, 8, 14, 18, 19, 20]
c) [4,5,15, 18,12, 19, 14, 10, 8, 20]

d) [15,5,4, 18,12, 19, 14, 8, 10, 20]

5.3.4. HIRFAER

i /R HE A I SO G i N R, 8 AR AR 2k, R R ZEHE R (51 & R O —
AR, BT IIRPATIHAAT, AT SEBUH A LR Bt K77 SRR E
THERA IR IR . FADFARRG IR IR & AESTTR T8, TR E — R34
RAHET, XANEAERM U, 2R HIE . SRS ERER R YR T Jo R IL R A 151
o

e, XEA N ENAATCRIFIR. WREATUSAEFERE Y, e =TI,
AN UPITHAH? . X=EAHP s )q, JATE2 7T B 7R 5%, BRIXA
PIRIEEA Bty (BABKE, @B ANy 2a, SIRP RSN TR EniEL
ERANZAENAE .

St 26 | 93 17 | 77 3l 44 || 55 | 20 sublist 1

54 26 1 93 17 BT 3 44 pE5 1 20 sublist 2

54 26 | 93 17 | 77 g3l 44 | 55 | 20 sublist 3

5.6 LASNIEIRE K17 /R HEF

17 | 26 | 93 p44 | 77 | 31 54 4 55 | 20 sublist 1 sorted

sublist 2 sorted

sublist 3 sorted

17 | 26 | 20 | aa | 55 | 31 | 54 | 77 | o3 [Pfter sorting sublists
at increment 3

B 5.7 XA TIIHFE R



K8 ATA TR 1 R ARG m AR, RIFSAE AP 0 R . s, it
AT TP BEATHEFP 2 )5, BATRD TR IR 512 HE 7 I 7 2L A s g . 23X 1A,
AV ZE AT WYX A Bl mT LA e il HEFT

17 26 | 20 | M4 85 31 B | 77 02 )1 shift for 20

17 20 26 44 55 3l 54 77 93 | 2 shifts for 31

17 20 26 1 e 55 54 v 93 | 1 shift for 54

17 20 | 26 31 44 | 54 5 | 77 03 | sorted

B 5.8 &JE AN KHEAHE T

ZHTBATIRENE, 5 B BRI oy 81K (7 i A IR e (K Ry 2 Ak o AR 1 oh (R A A T
—HAF KRG, R, AT E 2D TR TR HF: T PS40 ek T
Hlo BZ, BENEIIFEARSBENAF AL« B9EIR T IATHIBIT b AR A 8] B8 55 — 41751
® CAIREA DUAELL) o



A 2R HEFE BRI 2 s DA [ (] RS 8 0 HE R Ja 136 fJe— OCHE R TRIRR

R 5.1 H/RHEERF

def shellSort(alist):
sublistcount = len(alist)//2

while sublistcount > 0:

for startposition in range(sublistcount):

gaplnsertionSort(alist,startposition,sublistcount)

print("After increments of size",sublistcount,

"The list is",alist)
sublistcount = sublistcount // 2

def gaplnsertionSort(alist,start,gap):

for i in range(start+gap,len(alist),gap):

currentvalue = alist[i]

position = i

while position>=gap and alist[position-gap]>currentvalue:
alist[position]=alist[position-gap]

position = position-gap
alist[position]=currentvalue

alist = [54,26,93,17,77,31,44,55,20]
shellSort(alist)

print(alist)

EF, AR AR R A S AR 2, PUOVERJE — P HUT T — GBI
ANHEFF . HHE L, &a i —RHF AR ZR Z X o s, BOvIEm Empritien, X
MR CAAEZHTRIN THI R hSZ 8L 7 8 Hi . Hemifil, B PRERRAIIERS
JERM LS T RS . AR E AT AR R

W7 IRBEFE 2 B C2m@E B AR B RTHETEE, T XHZEERHER, FRATA LAY
BRI 8 4% KU T-O(n)FIO(n2) 2 fa) . dn A F S s [a) i, e ) &2 42 R O(n2). JE
AR RIRE AN, Eetnbl2k-1 (1,3,5,7,15,3155%5) NIAFE, v /RHER AR & 4% FE v LA 5
0(n372),

B R AN



1. 4EHIZE: [5, 16,20, 12, 3,8,9, 17,19, 7], FEIBA LR 1 LASIYIE G 5E BT A L # )5
5 2 15150 2

a) [5,3,8,7,16,19,9,17, 20, 12]
b) [3,7,5,8,9, 12,19, 16, 20, 17]
¢) 3,5,7,8,9, 12, 16,17, 19, 20]

d) [5, 16, 20, 3, 8, 12, 9, 17, 20, 7]

5.3.5. FFHHF

FATIHEACTE B HA 2R 7316 2 () SRR SOEHE P AR R B BATZ 22105 — P Bk
HOEVAIFHER . AIFHEFP R — Mg AR, BRI — D IR M. IR R A B
R —Agee, MARIEE S, ey 7 OrEARNTEID o WRIIR R oaiis—
A BATRITIIRYR 7>, RGPS RS VAR . — B el ar 17, A
XA ORI R IEA BIERAE, AT 1o RN AT LT TSRS
BE—RAGK—ADR—0, PR, EL105RR TR ME 7 512 a0 45
FEHEP LAY Y, TR LU o 1 3 e i 5 (14 21 R A e g O A EEOT RO [l 25 R L

FEVFARHS 1 ep J& 7R B VA 0 HE PP o B80T 46 T30 ) SEA S A AL S R AR AR BE /D T 886 T
= MABMCEH T — D HE PRSI ATEMAEME L LRE 7. WRAR, BIFIRKE
KT —, BABAVHAPy thon T A 84K AP R 0T o TERENX — 2 AR EE R FIRA]
BEATIAEEAITH .« ERXEREE, BOAKERHERZN A L —.

— HLRI R R B AR R A A WL (8-91T) , EREENCAHHFET . mFEsK
AR (11-314T) ZARIEWANIAH P BIR G DRI P AR I FERIAI R
HE AT AN P AR I N TR — R R SR .

VI BRBOE I T — MTEVER) (A7) AR BN BRI Z AT HE R 51 R A
o [N A —SATENE A (3217) FREZRIAIFMERE. LR ER T e AT R G151 5L
MIPATEE R BoR 14744, 5520 BRI BCA YT By, 4480045 75— DI 558120
W s T A JATAT LR 5 A BRI B2 dn iy e 47 A — A e IR A ) — 2 AR
HIFHIFILR .

NI, BATH EZHEE LMW DN AFL R, 0, JIRES vy, Rilcs
FEZraEki) i, JATREEE Togn MAUHRE S I TH DR BE A F & P77 o 1038 — Nt
PR A BAFIRT RT R RER AR EAAHF SRS, Frila dF g —
FEANI PR En B S NRAE. BL A HTE RAtE, 70 7 E logn BB I BRAE T AR AR 73
5 U PR A R e B 2 AR B S % 2 anTogn.e AR 2 —FH0 (nlogn) 5.

Wz, YIRS T — MR EEONKIIVI R & BRI, O 1 ORI R R 28 N
0(nlogn), FATFEREITYIFT#dl, KR REM, HELBA TR RIAE IR KN e AR TR
MEERIZHERATEL T o BATRZXA DRI — DRG] .

R ZL) 2 ERORBIAEI7 20 SR IN A I FHE P 0 55 BN 0 22 R RAFTBREATs 20 R BT
7re WERBIRIRKHIE, XEASN AR MREZER A ER, T B3 X R HE e lis e R
A H B R -

EE:ofl




L g P sk (21, 1, 26, 45, 29, 28, 2, 9,16, 49, 39, 27, 43, 34, 46, 40]
MBS R 1 A HE R g = R P R 45 2R ?

a) [16, 49, 39, 27, 43, 34, 46, 40]
b) [21,1]

¢) [21, 1, 26, 45]

d) [21]

2. YW I HFsIEKI21, 1, 26, 45, 29, 28, 2, 9, 16, 49, 39, 27, 43, 34, 46, 40]
BN E SRR T RS A RPN AR ?

a) [21, 1] An[26, 45]

b) [[1, 2, 9, 21, 26, 28, 29, 45] M[16, 27, 34, 39, 40, 43, 46, 49]
c) [21] AA[1]

d) [9] Anl1e]

5.3.6. Pk HE 5

PRIEHE T AN I HEFe— B T i Z MHERRAF FRIRE AL S, (H RN AT 208 RS )
A e BT ), BATRIIIRA > BRI AR AT RER, HIX R ERImR, AT LA
2, WA T

PRIEHEF B ek 7% — M. BARGRE AR K INERE TR, A g
PRI I PENERETHBITR XA FIR. HEAEEJE i SR B Se e &
PATEFE IR LA FI R, 2 RRITFIZRAL P B3 R Bt 5 73 ol 18 P DR HE e b 2

Bl12JER 154 RAE AT — Dl i TFRAICEFE LX) RZHE 1, AT
FIIESARZKE ARSI E . B, 2 XIRRZTTR . Rk B H A B IR K A2 2
WH BRI EE R E RPN 230, R AL

oy DX R st B AL EARIC T IR — — AR BA T E A T2 AR e AT il ——FE FI R ) 57— T
BJa— e 7 XERR R B AR AT T o E AR R A — U R R IE# —a4, Rl 3R 2] 7 E)
Mo BIBRRT XA, RN RAESATHE] T IEMMALE .

BAVRZAEIFRIN: FATABAE EARC A B ERIE A T — BRI E . Al
RIE A ML A 2R B ELR A TR E] — D P E N ECT . IR ERATHER S T PSS
THREM D E AR ERTTR . ERAIE] b, w2320, BUEIATAT LA HIZ A
TR, RIEEERNMPET

FEA MGG LE 2 bmic /DI, FAME L, SRS AE RIS B AU 0 B e AL E . T
HRAR A T A 7 1 0 N L B T B AR IE R A B T

b AR E R AR TR PE A, BT E R T AR AT LAAE 7
R P AR I DR HE R AR IX P8 34 2 R T

TEPRARRE A PR TR HE 7 s b, A TIBH %, quickSortHelpers
quickSortHelper W5 IHF-HE 7 #H R I BE AR TP MR . WRINKKENTFHEETL, Bare



el )y, WRIIRMKEER, BAFIRA UGS FDFEATETHE . o RR SR
FERTIH E A .

R PEEHEF R, RN REEANMSIR, MR R EATIR IR, A
KB R lognik /3. N T HREIEA, nADTHF IR D ZM P EHAT . A, 45
R IEnlogn. AL, PUHEHERF AT EARAE I FEHE I PR AN AT

ANSERE, ARIAEOLT, 2F R REAERE, FTLLRARE WA s mAs, BT —MRA
B2 ARIAIEIT, & MREniIFERH, 72T 4 — MO0 FI & HEFr A1
G KR An-1FERAT . R)5, & DR n-1MFIRAT, 27 % — MREN0H
RHF MG — MK 20057, A, ek, MIULEPTRREsE e, v g
FPEN0 (n"2) T .

ATz A2, A2 MARKIERAREFRE. Rk, AT LodEd M4y
=R, REE A S B RTRENE . Oy TIEFE A, RATEEESIR
Ay HE AL R E — N =ATEER . ERAIEGIT, BI04, TTAI20. BLAEIERCE]
6 (FERAIMNE T hR254) , JFRMEREf s E AR, ZKMBRNTEAERKHEMRD . X
MOTEAE T PRI — WA T A THIZR P A A BN, =AME R P MR 2 — A A P
. MERPIMSIRCaL —ERERHTR, XMINERRE A BATR XA E 1)
EFTTEE TEN— DGR

EE gl

1. #ExF(14, 17, 13, 15, 19, 10, 3, 16, 9,121, {KIEL HIPERHET &, R
ANEINR R LR F R AE PR T, fE B2 5 51 N 2%

a) [9, 3, 10, 13, 12]

b) [9, 3, 10, 13, 12, 14]

c) [9, 3, 10, 13, 12, 14, 17, 16, 15, 19]
d) [9, 3, 10, 13,12, 14, 19, 16, 15, 17]

2. #hEHIFRI, 20, 11, 5, 2, 9, 16, 14, 13,19]. fHA“=SEAE", FEHMBAETIER R
F & EiR G RAE A PR, SRR 1A E”

a) 1 b)9 ¢ 16 d 19
3. FHIWBLES:, EMEFERIFEN T, EAPEELRIERZO (nlog n)
a) WRHER
b) PudHEF
o FAFHF
d) AT

5.4. /N4

® (ELFREFEAFREMINFEER, R EZRENO0 M) ;
® PR LT B, EREFBLT, AN (log n);



® VIR AT LS BN A A R
BT R AR AR 20 (n°) (5%,

O® UURHEF AT AHE LA _EREAT T, SRS TR ik, L R R
A RAAEO (n) 10 (n%) 22 [H];

® IFHIFF RIS AR 2 B0 (nlog n), (HIAFF IS FE 75 ZEAR Mt 2 (1)

® PUEHET A A R A0 (nlog n), (HER S E Sl 2 12 LA, RIAEL T 2R
HEI0(n"2) o PRIEHE AT ZEAIMAF il 2 17 o

5.5 KA
¥ BEHF 6
& MR R AR R
Eilb=ArS IF] B 2k
IR IR BAHEF
LAEHEW HBARY 5]
=R B3 BT
B FrRUE Sk SR
SERHFI R H1E “RRE
Yo B#gl prikc s Jag
PR WREF Ut i
i-| pag-J=t

5.6. 07 @ i+ i

L AR R M EIIRAERE A, THECPER O T L E I R, BEIRT L
S R

10%
25%
50%

(]

(]

(]

° 75%
(] 90%
(]

99%
A AT, RANEBIRRAN T ? R
2. MERPRAETARF 8 TR AL BAF AU N T A, 2SO R

3. BATEH —MHEAE T 75 & rh T E O LB AR B I 7 O s K. sevt— DR ROy
Fo XK B A T AR ?

4. WHTERBAIRE. - MEARIIIR (F2, TN ISR R B O B
HUBIME -



5. PHAEAHENLRBERINE, HRIRZIIZR BRI SIS T

BiHrr

EFEHE

HAHE?

R HER (B8 5 B0

IR

PRIEHER (A E B0

6. HEEFHMBEESIER: [1,2,3,4,5,6,7,8,9,10], RIRZFIFRZEEREYE T 5 HIEHT 1

i H
WA
WA
PRHER (& EBO
S HER
° PRI HE T (h1{E A B0
7. FIETFHMELSIFR: [10,9,8,7,6,5,4,3,2, 1], RRZFIFEEFW T I EZHEFK:

(ER(UEFH5

T

HAHET

PR AP (& H B0

JFIEHER

PR AR (P E A B0

8. HZETHMFRIE: [P,V T, I, 0, N1, FRiZyELERETHNE LT
1 :

EiH
HEFEHE
TAHE?
KA (& E O
IR

PRI HE R (P E B B0

9. R kR E B — e AR . A, SRR IR, SEPUE R RHEERNE IE HL
fif P — LE BN Bln Bt AT e AEA AR T, ARAHT SRR LI B 3 48 10 R0k S AR B

E2K

5.7. WFELR S

Lo BEDREPLSER, MR B R P 3R = R A DA A P s i —
R GEHERIEAND o B ANRENLE . AP RESIR . W EA R — e &
P b e IRIVEE RIS A7 IRREMIRE— T2



10.

11.
12.
13.
14.

15.

MBBHEESCI — R, @MU 8. 1015, W TaEREERER 7 YIRS, EEA
THEA R AR BAESR PR IME . 8 — DN A 5 B Rk 5 IR R
IR AR 0 — o R LU e

NHFNFRSLILIADT MapSEBilen/riZ (_ len ) .
NG RLIAIADT MapsElin ik (_ contains_ ) .

AR AnAR] N — A58 F B0 005 A 5 v R AR v SR AR B 2R FR A B 30T H 2 SR e A 2 E
HERI VRN 2 DA AL B R RE R 1B DL AT 4 2 S sE P Hashtabl e fdel k.

TEMAN R LI HIMapth, BOAIRKIRNE 9101, WRESIR IR, /2 K. S
SKIputT7 %, A R AR R BUE AN CFRT AR E X — (B 5 TR0 fa 3 5 1 g
MIvEAtD » BIRS EH SR A SRR

KL IR EAE N O T B

A BENLECE AR, PR AS500 N BERN SR o AR P AS B v 1) — SE P SR AT R ME
e FLECEATHESAT I LIIPUE .

A5 P [ TR (19 5 9 SE DL B YR Y

B i BSOS AT R 25— R BB, S UGRER T ER. X
M EEA — ERSRIA T EE L3R KIZ A BRI R AT A 00T XA a2
FIER o

5 P [ IS TR AEL (14 5 V2 SE DR 6 4R 7
A F FE R B AR —DIIER L, AT — DR HE R RS HE T
AMERIVL R A SEBLA I HE P BR 2L

SR mRIEE P 1 MOTE R BRI (FRZAN “rRIRH” O MFRPEREAHT . tt
AT B SCIPGEHE I E RN RS R HE R o A A R K/ 18 20 2R B il
BEAT T

KL “ = RBRER T, FRAESRIEHE P i e B I it 3EAT — D SRBR ELE PR T



6.0 AR 5L ik

6.1. H #%

@ FEARMI BRSSO i
@ M TSI ADT Map;

@ BRI

@ G| F R SEIR

@  LLiE A HE 45 SE L

@ FHHERSTIAR ST
6.2. 1 i) 45 7

DL T BB AT R L RIS, s B 72 1 T, DL LR BRATR G
VES — R W EE G50 ——B (Treed o MTETFHENBRER & AN GUR P # 2N, SRERIER
gi, WY, BlEE RGNS . REEHAT IR AR VR 2 AR T, thAT iR, Ao
-, EATTHIAN R Z A AE T TSRO R AR 45 A R A T 1 I DU JER 7

FEBA VAW AT, ABRAVERERILNHE LG T DT EER k0. E
6.1 52— AN RIIBIT MIXANTRIEEIG] T A, BATAT DR B ESHRJLAN BT XM 5
FIEE— PR R Z I, 1 B3 2 B B W A TOUZ #4873 S0 96 32 — RS Jee J2= 34 73 SE Dk 240 A,
o RN, & EERR, BTN —Z (LERTE) 277, R s, HiE,
LAy B 2R, KRS KEGETIREY.

Kingdom

& 6.1 —LEhYRIHKR

TE R BT LU B TR T 460 98 o 4 0 B AN S A R — 2R BR AR BIA AR IR . FERY)
JRBATHCRT LA H 2 AN, SR W AR IS Sk B AR gk SE T 2o LA BLR “XANsh 2
BHESVIE R TCEHEN T 7, AR B2 BB HATH A BB SR kS T &, R
P W IXASEHESI YR LA ? 7, AR A AR AL A BA T R E T ORI R T
ANRRE G T2 A XML o AEATBE AV — 2 I EREA TR B S XA ALsi R R K
KEie AW 7. BATTLIRERE —BEE T L, HIWKERIRZ, Wl A1-r 5 K64
e



PRIEE — AR 2 — AT A (node) HIFTE F15 4 Cchildren) 1A —AN 1 S F5 S 2 52 M

L. tened B E AN T 5”*€E"$D”ETEE” “lEJET R WE AN EKE, HEREET TR

YeSE AN BHAH B AL A . X R RE AT AR A A8 B0 SRS T S S R
F A

PR EE = MEFU 2 E R S (eaf) ARRAF M. XHaE—Fhzh?, AT LR
(root) JHAHYE —FKHRFE IIERAR IR BN EX BL 7 £, IR B e MBS X 2TF,  Flanst T
M, BATTLLEE W5 > BRI > WAIN > BRNWHE > %R > e > 5
2.

A ESRG]TRR UR AT BERER RS I RIS R Gt AN SUE RS, WAL 70 S8k
B A IA R T —FR . &1 6.2 JoR T /RSy Unix S RSEI 70 IR I DL

e ,‘Lf-;.—_--—h_
A -1:\ —
e W e
\d v/ ) ( ete/ ) (_sbin/ ) ( tmp/ ) [ Users usr/ ) | varf )
4 _;/_:./-,. _(\ S e , S o L _-& Hy ‘\6\
o P / 3 J \ 5 b "
g et = 4 o oo ;e | 1 ol == i b, ST T

Pl -\{’ o \ S e —-! = S /‘\.— e | Wy prn s, TS >
weues/ j l |<| 'f\ init.d/ ) f |Hle ,l f bmllle l % Jmiller/ )| mysql/ ) (\ bin/ ) | liby ) l\ local/ % log/ ) [\ spool / SO

Bl 6.2 —/NEST Unix U RGEI4 B 1B L

XA ARG AR TP ARARR o AR TT LAMARTT s R I — KA BT R 3. X4k
PR SIEIXAS T30 CEERE BT S0 ALY SCXAITT . WSS — D EEER, 5t
JERAT LR T 2RI #4> CIEFRE subtree) FEENEII 1 55— B AL E T ERIBR, X
S I B E . i, FRATAT LU BT FRiEfete (T AR AU A0 2 usr/ R XL
2244 httpd BIEEAE M /ete/httpd B i /usr/ete/httpd, fHZXS httpd BN A S L 537 TN BEA A 5
M o

wJa — IR R B SCARPRCE S (HTML) 2 S 5 T 18
6.3 25 Ml 0 T (A0 SCASRRIE I 5 AP IKIAR B AR BRI

<html xmIns="http://www.w3.0rg/1999/xhtml|" xml:lang="en" lang="en">
<head>

<meta http-equiv="Content-Type" content="text/html; charset=utf-8" />
<title>simple</title>

</head>

<body>

<h1>A simple web page</h1>

<ul>

<li>List item one</li>

<li>List item two</li>

</ul>

<h2><a href="http://www.cs.luther.edu">Luther CS </a><h2>

</body>

</html>

ARG 6.1



J W / \)
B 6.3 5/ T I B0 R ABXT BRI

TR HTML PR AN B SRR B ] 1 55— ﬂﬂ/\):?‘iiﬁ ?ﬁﬂ‘]?yifoXTEl’J’i JEHIS L SO
PRCTFI —E B . ARSI — MR IC AT <htmI> [R5 5 — S </html> . X — 00 BT HoAh AR
AR A e 1k — ‘Fﬁ/\%Akfﬂﬁﬁﬁiéﬁ’lﬁﬁﬁﬂﬁﬁt ):'%BIEﬁki P

6.3. R if & Ml & X
BESR AT A F LU T, FRATHRE 15200 SR PR e B R .
¥ 5 (Node)

Tl (Node) M MIZEARI AR Y. ER UIA HAM LRI 2AK, AR Z B (key) "o —A
THRARAEZNELR, RITRZ A0 (payload) ”. &7 BRIV 2 S5 A B
Ky AHAAEX TR N EREE,

74 (Edge)

i (Edge) 25— M INEEAMI BRIy WERENA TR, R CEANZAFEERR . B
T B TR RD #A R —F 5 A sHBEN AL GREZT R BRI REA
VR AR NI CAIZTT 38 1 FEA 4 132D

B4 A (Root)
R R e —— NS NI . ER 6.2 1, /7 SRR
4% (Path)

BRAR I L ERGER I A PRSI BN S > BRI > WASIMHN > &R
HYHE > MR > MR > FO PR KRR,

T 54 (Children)

=T EPINBRE B —ADT AR, BARATEREENF A, A—MNERE T A
MRS . £ 6.2 9, 75 A log/, spool/, yp/7& i & var/B 15 &,

A3 A (Parent)

— A E AR ATEZRE T AR A, EE 6.2 F1, F5 A var//& T & log/, spool/, yp/
AL A5

ST A (Sibling)
[ — A ST T3 oA, FE SR R G A A5 et/ AT AL usr/ A& 36 15 A



T (Subtree)

TR — AN ST S HEASF1T S BT IR S AT ST B SR

¥ & (Leaf Node)

BT R R ORI S  An ] 6.1 H N R SR AR AR B R s
BE# (LeveD

— A R RREGR AR MR R BNZ T SR ERAR RIAREH . B, K 6.1 TR R RO
50 SRR E0N 0.

BEE (Height)
W = BE S T A 19 s 2B B R . B 6.2 R I R B 2.

AT A E SIF Tl FEARE 7, IAEW] BLIESCE R T AT IR 7 308 30—l
TR AN, 10 5 — RO € ST G 3 1 E S

JEXR — B RANERT SRS, e U RAE:

& A RURIRAT A

® R VRV RUMORE AT A 0, #EE RS RN p HE, p 2 n B G
® ] DAY ME— A AR AR R BIA RN AL

o WIRXAMWIEEANT R EZHPIN T A, BATRE N =X

K 6.4 EoR T —MNFEE LI, BRI SRR TR 1A

rootnode
child1 | child2
nodel node2
childl | child2 | child3 child1
node3 node4 node5 nodeb

Bl 6.4 BT RIILH BRI

ER T FAWECE A BE S MR SRR AT, RS TR A SR
SE o AT R SR AR AR S [AE A E . B 6.5 o 1 I M A58 LRI . il
WEIE I E S BATRIEE] 6.5 th I = 4 TR OB = AR PR I 5 WL 20 RS
mo EHRATREA BN R, (HEAEARIE, BRAFERAM T XA



A 6.5 WHIEIHE X

6.4.38 if #k & ¥ K L9

FEFIRE SR SCIUMIT, FATHE Python IUBIZREE S5 ¥k g 'S i € L Thae. HARIE F
HRINR I — R AE S AT LB H A R R T A F], (HIXAFE R A8 1, BIYE
NBAGEUE— A 8 T DL E A A s AR A M . ARSI RSEIUIS AT PR AR Y sl B
NIVRAHE—DIER. FIRKE ATTHRLE DR THIIIER, B um Rt hq 7H
17— AFIE. T RHXNHEEOR, AERATRE — A7 . K 6.6 7 H— M) 5L A DL R Y

HIR LI -

Bl 6.6 —/MEBLAIM

myTree = ['a’, root
['b', #left subtree
('d" 11, [11,
e’ 11, 011,

['c', #right subtree

', 10, 01,




THEERD, BATAT DA FARAER 51 U5 10 51 B 53 . BRI 55 myTree[0], MRS A0 72 5B 52
myTree[1], A1 TH2 myTree[2]. VRS 6.3 BLHA 1 anff IZIZRGIE BB . — ERgAls, FATRT A
VIR . AT IREFIRIER — D AR IR 2 T I Z5 ) SRR XA SR AR B 5t i
AR AR —MREAMPIA R R SR . IESIRIER S — MR E R ST R Z
B o AEMABGE D ZIHEEL T, AT RER IR,

PATRAR AL 2L ThRE, IXLEDIREMEIRAVRE S B —FAE SR . HiER, BAIASRZEL—
AN BATRE S BT RERE RS T BB A THRAE R AE S Ak 2 ST AR

BinaryTree Dhifig R &M AL — MR AN R R T RIS VIR BIFIFR . 45 72 R 2
FIMR, FATHE BN —NHRFRIMRFN R —AMME . BAOTDTFER, WRIERFELEE LR
R ANE, RAVTFERES, IR RmAN R E A 715 . A 6.5 B/R THALT77
. Python A5,

myTree = ['a’, ['b", ['d%[L(11, ['e% LT ['c’, ['F,L,01, (111
def insertLeft(root,newBranch):
t =root.pop(1)
if len(t) > 1:
root.insert(1,[newBranch,t,[]])
else:
root.insert(1,[newBranch, [], [1])

return root

1% 6.5

TEER, AN T AR, AT E S N IREBO BT Y /e T S AR (ATRERE ST .
A, BATRIMBR A F A, BERIAE T4 S E N S AT 8. XAERATREE KB s
FENBIB P PAFATALE o insertRight AT T insertLeft, F L BRTEATY 6.6 H.

def insertRight(root,newBranch):
t = root.pop(2)
iflen(t) > 1:
root.insert(2,[newBranch,[],t])
else:
root.insert(2,[newBranch,[],[]])

return root




NTEENSIGE (S 6.7) , kA E JLAH T RPUN B E R IIRE DI RE, LRk
e R AT R R T RE

def getRootVal(root):
return root[0]

def setRootVal(root,newVal):
root[0] = newVal

def getLeftChild(root):
return root[1]

def getRightChild(root):

return root[2]

09 6.8 2> 7 RATNIA G SHAITIEE . RN IZH 2K — T, Horh—NZR3] ZR AR H A
6.8 7R BRI IR 2544 -

K15 6.7

def BinaryTree(r):
return [r, [], [1]
def insertLeft(root,newBranch):
t = root.pop(1)
if len(t) > 1:
root.insert(1,[newBranch,t,[]])
else:
root.insert(1,[newBranch, [], [1])
return root
def insertRight(root,newBranch):
t = root.pop(2)
iflen(t) > 1:
root.insert(2,[newBranch,[],t])
else:
root.insert(2,[newBranch, [], [1])

return root



def getRootVal(root):
return root[0]
def setRootVal(root,newVal):
root[0] = newVal
def getLeftChild(root):
return root[1]
def getRightChild(root):
return root[2]
r = BinaryTree(3)
insertLeft(r,4)
insertLeft(r,5)
insertRight(r,6)
insertRight(r,7)
| = getLeftChild(r)
print(l)
setRootVal(l,9)
print(r)
insertLeft(l,11)
print(r)
print(getRightChild(getRightChild(r)))

75 6.8 FT LM FIZEASTIHER) Python 3R (bin_tree)

S RUIREY



L AT MR )E, MEIAA N

x = BinaryTree('a’)

insertLeft(x,'b')

insertRight(x,'c')
insertRight(getRightChild(x),'d")
insertLeft(getRightChild(getRightChild(x)),'e')

g 6.9
a)[a', ['o’, [0, 0], ['e’, 0, ['d', 10, (10
b)['a', ['c’, I, ['d", ['e", {1, 01, 1011, ['b", [, 111
o a', ['b" 1, 001, ['c, [, ['d", ['e’, 1, 10, (111
d) ['a', ['v', [1, ['d', ['e’, 1, 01, (11, ['<’, 01, (011

2. H— buildTree A%, BT A LIRREYIREAERE, £ RWE 6.10 s FI#

Bl 6.7

6.5.71 A A 5|

AT A LI 07 AL S G e EIXA S DL, AR E SCRAIRIE, AR AT
A TR PER2E . i TR AR SEEL 7 sCS TH R gwmie 7 SO R R, AR 4k B AT A sk
L7 A TE A [ HAR 2y

AT S ARG, BATI Az S5 T 228U T 6.8 P



d

left | right
b C
left | right left | right
d e f

left | right left | right left | right

Bl 6.8 —M R RN 51 S g SR A AR

AT T UAE FH U AHS 6.10 AT~ B B4 5 55 A0 5] 7 R AT B2l e . BB AR B0 X f
J5 BT & left 1 right J& 14 51 F HAth BinaryTree ZRS2HLET . Hltn, HATIEN —F AL 735 S 5
PR, FATEIE T 55— BinaryTree FUSEH, ISR THR T A AT self.leftChild 1 2 ¥8 170 3T HIH

EREBY 6.10 1, i o B AT B SRR N RAFAEEAR T . U RARTT BLEE SR h it 47

class BinaryTree:
def __init__(self,rootObj):
self.key = rootObj
self.leftChild = None

self.rightChild = None

7% 6. 10

FRAT—FRUR BRI, B RS BT CLAG AR AT — RS FERTIIA BT, BRAT A0 R K 4
PRAE MR . AT s 5] SR ST, 78] 6.8 b, FRATEIEE T = XM 7NAS L

PN RAEBAVE — TR AR EMER IR . N T I T R, BATR B —AH —
MRS, FFBLEARN left J&PESRIFIXANSHX SR . insertLeft MIAAISAIFCAD 6.11 FTR

def insertLeft(self,newNode):
if self.leftChild == None:
self.leftChild = BinaryTree(newNode)
else:
t = BinaryTree(newNode)

t.leftChild = self.leftChild

self.leftChild = t

R1g 6. 11



PATLAG FE A DLEATHRAN o 28— IS DLRORS AL, BWAIA AT A BEALT A
INPRRVETIE 5 :13% T s e IS e o T SR U bV (5 e e i Rl e e s e 9/
T, FRATEAN A SR CAFAER T bR 58 R 02 ARRD 6.11 58 4 471 else TEA) kb
B

insertRight FJAD A6 25075 FE — NSRRI DL BE A BUE A 175 1L B BT 0 00K 7
AR AARFIIA #9455 22 6] iR I AAS 6.12 For.

def insertRight(self,newNode):
if self.rightChild == None:
self.rightChild = BinaryTree(newNode)
else:
t = BinaryTree(newNode)
t.rightChild = self.rightChild
self.rightChild = t

NT SEER TR R T R E S, AT RS U T R A A SRR A T (S RS
RAY 6. 12

6.13)

def getRightChild(self):
return self.rightChild

def getLeftChild(self):
return self.leftChild

def setRootVal(self,obj):
self.key = obj

def getRootVal(self):

return self.key

RS 6.13



BRI A 1A U ARAE — SO 7%, RN PR E e M. thERAT4 K
—/NREL OB, DAY R a MR AL RN A B AT CAE T R AR 6,14 BUEE TR, JRAEME—
LEAEAE key, left, right F1o VER, MR RMIZEA T3 (A St /2 BinaryTree JEAAFSEH]. IR0
ATTER R B 0538 VA SCP Tl i), XA FRATTRE S HE — > — SO AR AR 119 i 2 B SR AR £ o

def insertRight(self,newNode):
if self.rightChild == None:
self.rightChild = BinaryTree(newNode)
else:
t = BinaryTree(newNode)
t.rightChild = self.rightChild
self.rightChild = t
def getRightChild(self):
return self.rightChild
def getLeftChild(self):
return self.leftChild
def setRootVal(self,obj):
self.key = obj
def getRootVal(self):
return self.key
r = BinaryTree('a’)
print(r.getRootVal())
print(r.getLeftChild())
r.insertLeft('b')
print(r.getLeftChild())
print(r.getLeftChild().getRootVal())
r.insertRight('c')
print(r.getRightChild())
print(r.getRightChild().getRootVal())
r.getRightChild().setRootVal('hello')
print(r.getRightChild().getRootVal())

EEIRIRN
1S 6.13 SEIMERFT RAE| FHERILB AR (bintree)

3. 55— buildTree B¥, M (MG HTTE, AERAnE 6.9 Frosi — X



B 6.9

6.6 FRATH

FESEEL T W (Tree) e 8500 2 J5, BUAEBRNTRE — 017, ER S VRRE ARER I (Tree) 2 i 1
—RESERRE . AR AT, FARSIE LTI . AT T U SR B A e Heik

BN 8L MibE Y AP

Verb Phrase

Noun Phrase

Noun Phrase

B 6.10 —ME R TR

6.10 ToR [ MR TR IREH . KR FRAY— D (Tree) (R 25 ), BEAEBRA TE L
A7 BERARER )5 (RN AR

6.11 ((7+3)*(5-2) By B4 izt



WA 6.11 From, BANBERE(7+3)(5-2) X — M EFRENFRAL— DT . FAVER T XD
ERESREAZESEHEBXNFRIARRE ? BRNMEFRELLINENREEERESHRLER. ME
AFRBERPHIES, BNMNBEMREZE I FRZEUTERSANINETRZEREAR. WOEX
EF R P BNERBIREANEEINF. ATERLENREEERN, RNEBRHTE RS
RIIETIRUE . ZFRNINEEESERA 106 TRNBIZEEERA 3. MANNEREY, —B
BT EE T FHRPFREXNER, BNREBEENTHA- DD RKRER. SAXNEHRD
B, BB ELN, wE 612 P,

B 6.12 {LRE/FHI((7+3)*(5-2))HIMEHTH
EABHFEIBS, BRIPEEMFEINLBITR. LHZ
BHRE— 2R SHFERIANRE L HI N K9 BATR
EHITEFERTNPNRFEREARNNE
BRARE— MBI E B R FEREN

B BTN E — S BEERIEARF T E (string) DB ENFHTF R, —HBOFHEBHF
B ERS, A1ES BEFNBRER. SHEI-MERESHBRRREFT —INFHRERX, BN
RBECE—NEAANEHFON. R E4FH—NEESH, AKX —INREXNER.
Ao, BIEBUE L AN 5 S (leaf node) Fth 11T /B AYBRMERF A9 F 13 = (children). &f&, G MEIERFH
RiZBE—NEFHRM—MEFHR. BE EEASTERIE X AT &N

WRHFEANFHR ' AIN— N DRhode) AP RMNAEF DA, YD R TR,

MREFEANFFEIIR [+ B, BHAPROREREALGIEANT. R0
— T R(node)fEXHRITRMAT TR, HAITR .

WRYFFEANFHE—MEF, BHIDRNRERENZET, SEHTATATHRXTR
(parent),

MRLGFZANFHE ) . ST PREAHEKLT R (parent),

ERAHBE Python REBZETIERN—EERE—NDERENBIT . BANVEEAG+(E5)X %
B BAERAXDFIAMTFRIIER (3 +, (4,5 )))] « —7FE, BAEMA—1
REFB-—NEHRDLBHTTE, B 6.13 ARMNBERT ZBINHABTNEREES M INF
FHIENRERZAE.






B 6.13 BTRZEMRAREE
RIEE 6.13 AT RUSHBATHZ M — TR ek
a BIE— =M%,

bEN(HE—NFH, REFEAN 1, QRPN DTREALSHTRNETERFEEE T
REAXMFT IR

CIENIAT—MFH. REAN 3, BHIDRANRERED 3, REEELHHTRMARX T
o
AN+ AT—PFN. REAN 2 LD /RHNRERES + RRFN—PFHNDTR E

ARATTR, FEBLATREAXMHIOTHR.



eBEN)YAT—PFH. REAN 1, Q- IFODR/EALSTTRNETER, S 7

BARXDMHET B Ao

fIENAG AT =T, REAN 3, FHHP/ROREMED 4, REEREFLFTHR/N KX
TR

9N A T—NFH, #E?E—%M”IJ 2, BERVRNREREA «~ REAN—HFHTR F
ARAT TR FABEI T REAZ DT A

hERNSAT—PFR. REAN 3, FHAPIBRERES 5 RARREF LTI K
TR

LNV EAT—PFR. REAN 4, BOBEFHREALE IR CHXTR.

JERANVEAT =T, REAN 4, BMNBLHPTREAGHPTR+A M RLAMEE T
REAXTR, PABAZR T BT,

M EEWEFITINEL EHEBTHAEIEFRNEERFN LD AMERX T ANELR. ™
RN EEARNRERERNTRE TR FHBRMNTE getlLeftChild #1 getRightChild {E2
BAVEAREREE— N RN T AR 7 — MR TT AR EF AR TR H BN WIS RE R REF
WX EMRE. SERNEBTERISTHANFHARN, RMNERISFTREANEF . mHIEAN
BEELOLFH AN TR, FRITHEEMERREEIZH =,




BT EREIFIN, 15 A AR (Stack) F1— X 4(BinaryTree) B 1E B 1IN ERL BE 4R B M FRAT Y
Python BRELT . B4 RREAIRIGN TR,
from pythonds.basic.stack import Stack
from pythonds.trees.binaryTree import BinaryTree
def buildParseTree(fpexp):
fplist = fpexp.split()
pStack = Stack()
eTree = BinaryTree(")
pStack.push(eTree)
currentTree = eTree
foriin fplist:
ifi=="("
currentTree.insertLeft(")
pStack.push(currentTree)
currentTree = currentTree.getLeftChild()
elifinotin ['+, ', "*",'/",")']:
currentTree.setRootVal(int(i))
parent = pStack.pop()
currentTree = parent
elifiin [+, ', "™, '/"]:
currentTree.setRootVal(i)
currentTree.insertRight(")
pStack.push(currentTree)
currentTree = currentTree.getRightChild()
elifi==")"

currentTree = pStack.pop()

else:
raise ValueError
return eTree
pt = buildParseTree("((10+5) * 3)")

pt.postorder() #defined and explained in the next section

%G 6.15 MEITWAIERRE



M BATWE MUERES AT A if NE, 2BI7ESE 11,151924 17 ?"LILLW%EE@J
BiTIARE—Y BinaryTree 1 Stack FI7T;AM I LM M ARID, AXDRETE—HNEERLE
7 else BAF, WRENAEFIALEMNIRFFZANNERF BLENHASIHR— ValueError El’]’ijai
=,

WARMNEZRL T — MR RMNERCRTHALR ? G BMNES D REKITE BT
Y1E, %ﬁlilliﬁﬁéi% AT FREANREBNET BRI ESEE. EHE—THE 6.11 IEI*E'
—THRMNEBHREAIHERDAEENHE 612), XRTTHRMNTUS— M EBRIITES
W EMNME LB RITRHERNR R EE.

?ﬂ%ﬁﬂ]LXFJIJ;J—ELL_EIE/%%Eﬁ BATEMIRBIE R QB A RIS R ERIERNENH
], INBHREEINR/NEANJRAZRRE—MREFES AN 2. ERTRF, HHSREHRE
. Ij]"‘f( TEMBRNZAHABTEEST LM, evaluate R R T2 &6 H H1IR B 5 2 i
FHEFH I, FREFHREASEIIHNE SRR ZIAA evaluate REFKE LRI R EF
B, AFRAE. BIFERERNE SN S5,

ATHERNEFEANERE , BNARAFERMEMETEXD [P ARIETEBEIR
M OREENEELERE. T! 6.12 EF', BMNEFWDTHRMEDBA 10 7 3. WeffE
RAFEEEHREFEHRLLER 30,

1% 3R £ evaluate F9RAGLN Listingl Fior. B, BMNSBIYUFTRANATFTR. AFTP R
NSHE. MRELAFDRAEEE None BAK(THEMEXIN T TRe— MM hHa, XME
HE T 7. MREFHEAR— MM DT RBLARSEEL /D R PNRER R TizBEEIT R
FXRESINELFHREROTE X,

AT RMEIANEE, BRIOERTREDA + ) - 4 ¥ '/ BFH(dictionary), F7&
FHEMER Python AYIRIERFARER (operator module) YRR EL. X MEEFFESR AR BTRS
EAREFNRE., YRNEFHRPER—MREF, #Hr‘ﬂ’luﬁlﬂﬁé%@iﬂxl@o A AXANEUE
MEEE—MRHEBMTEFREAANARKIBAECN, MRHAE

1, TE 2), FAUERBRERF + 22BFNT operator.add(2,2).

def evaluate(parseTree):

opers = {'+':operator.add, '-':operator.sub, '*':operator.mul, '/':operator.truediv}

leftC = parseTree.getLeftChild()

rightC = parseTree.getRightChild()

if leftC and rightC:

fn = opers[parseTree.getRootVal()]

return fn(evaluate(leftC),evaluate(rightC))
else:

return parseTree.getRootVal()

%5 6.16 MEMTWAIERRE

BE, BRIVEBEITE 6.13 CIEMNBTHYT evaluate REGETEED . YR E—RIEH
evaluate B EAT, ?*/ZﬂJ%L_T%/I\ﬁE#EWE’]TE mAEH parseTree 8. RERNFETHELA T
NESEE, FEMENNGFE. BRBARAEES 9 7. BINMNEERT S HARERTH




'+, BERNR T BREANSHEET 20 operator.add, BEX— Python REAATS.
Python E—HHMNEERB T HEZEERENSE . XB, XTSI evaluate REAYIE T
BE. BEMNERAHKESREE—NEIFAANELFG. EE—M2FERT, evaluate FE
BWHT 7 EFHNE. BRNEAZXNMNPTRREE. EF PR AMBENE— TR L. HENEM
TR R, FANREXANMT SFEAOEEEARENSERAT. B E 24 3,

WME, A7 ERNEEA operatoradd RERITE, BRIMELB THF—NSEHT . BEEA]
WEBEHTM. BENEFATESHIERPARAARTERYSNETFTR. BRNEXIAXAD
TRREEFHAXBAETTR, FUBMNERXN T SRPHFEORERS v | AFEERBAX
MEEFRBFBENELEF U REARBAFNSH. I BRFERHEEIH TR, SEMNE
DAAEL 4 M 5, BEEXMNSHER, FABRE operatormul(4,5)ffE. LhE, FINEZITE
TTRERER + NEMERERT, BNABSEMAOR2ZMIBEARE operator.add(3,20)80
o, XNEREEENFTIERMGE+HE*5)ME, H 23,

6.7 RAYIE D

ZHBRMNEZT BT REBEMNERET, RERNKE—SEHN—LHMBEAER, X
EFERRERZRARTESMNARAE TS A 3 fi. XE=FHONFFET2NEBER e
ZEMABETIH RSN T RARFAR. BOFRXFIEE T 6@ 58 5 (traversal), 13X =Ff
I8 79 B N {4 8T FFil A (preorder), H Fe3@ 7 (inorder) #1535 (postorder) . F{15ERA L ENM
BEREX, REHEFHEECINRA.

HIFFE i (preorder) | ERIFBAH, FAVEBERY R, REBFAMFFRIHGELETH, &
1 At BT PR A 5 18] A T

HfFBH(inorder) | R FRA T, BEANEFAMFFBAAELZIN, REHERTR, &&F
BRI R B ip R A T

[EFF® [ (postorder) : FERFFBA T, FAKBIFMEFRBHHRELZTHNETH, &EHE
RP o

WABMNBILNBIFRIRAX=FAROBHT. BERNEBFERNFERD. FAlET AR

EMER—ABNFFREBRFBAINAR. BENNURTR, 8—ZERRTANFIR, &
TEENTHR, 8 /I\TEE—THFH A IMIEE, 6.14 B—ARBMTRENR. BAR
INEEERTEEERZ FHAlWEN, BENBIMNREIXN,
(o)
o N

s \_\I { ) o
( (._I'_\apt:fl/. \Fhaplﬁr?_/l

- S _(\“\
e i_ _L S
A SR S

" o . o P 2 S Vo : e -~ z N
| Section 1.1 ) ( Section 1.2 ) ( Section 2.1 | Section 2.2 }
b3
\\q__‘_ 3 _'_‘,." ‘.H\_‘_;_ — - “H-_.____—'/ \"“ﬁ-__ - —"‘i,/
/ N\ / \
P \ / 3
i _,B—_HH\ /r___?_h__h W
> = = e &
(Section 1.2.1?' < Section 1.2.2 ) (Section 2.2.1 )  (_Section 222)
—~ - — - e - = et

A 6.14 AWEHRFT—KS

BRRBEMKERRXAS, sFBREFFERXMIIT. MR R(E)TFRIZRE FB
a3, 1B IAIAMA preorder B R A T IR ARXRERE—F, HAAEEAMIAR

BREMNEZE—F, XNBMNEFTRERBAMIZEAE-ZNETH 12 . BTRMNEHEDETH,



FRAFRAIEE 121 %, B5F 122 T, ¥ 12 PTEZERMNXERE—Z, ZEFEENBRERT
RPARERBERPBIHEE S,

BTARAXRRE, AIFBAHNRBEENEELE. K18 617 GH 7T — M ZXNEFBHH
Python 7L,

FRITRBME, HARSXMIFRAEANSETR 7 MR E A SREMN
B, ERNIZEAWEBELN—FTE T R/RREB 617 BT —NBEZXWIEASEMEAIMND
EHERT PR BN EAA. MFRNNEAEREHRRERTHER, X MIRERRES
EEBMMLE. WRMSEH None, NREFSIREfMAFEIEEITE.
def preorder(tree):

if tree:

print(tree.getRootVal())
preorder(tree.getLeftChild())
preorder(tree.getRightChild())

KRG 6.17 ZXHWHETFBHRE
FAt T BL preorder fEA X MEFMRNE /TR, XIPHRBARE 6.18 Frm, 7FmiX—

REDMIMBIZ R NERAT = A L. BIRRYIE NN ARZHE “tree” AT “self” . EEIAIE
BAERARBERBERL. NEMNITEERIFAM preorder ZRIRINELH T I RAEEFHE,

def preorder(self):
print(self.key)
if self.leftChild:
self.leftChild.preorder()
if self.rightChild:
self.rightChild.preorder()

A1 6.18 — XK PRI FmG 7T %
REMINEXFIPTTEMIEGF — LR ? — K EREEY . REETRROBFELLR
BB, ZHIEATRAZRBHBERANBHTERIREMHNERE. FLERMND LHRSFE
ERrBRAEEMRNZSHNBMRRENRBXREE., HEBENETREERZRBIMIRED
ERABSBHHIKE. .
ERFRAIRBEARTE 6.19 Fim R T print 1IBEBEKEZIMIF FRHHRILLFE—
=
def postorder(tree):
if tree != None:
postorder(tree.getLeftChild())
postorder(tree.getRightChild())

print(tree.getRootVal())

R 6.19 —XHWHNEFEHRE



RNEERT T EFBFHHO—F—REA, bRERTRKE. RINBRERS 615, £kE
FRINE, BREFHNE AEBHNAREFNREAABENERYRLES. RRININZ
X REFREDHOEIE. BNTUASREREFRERGEFBHNRBARE 618 ) , K
6.20 Firro
def postordereval(tree):
opers = {'+":operator.add, '-":operator.sub, '*':operator.mul, '/":operator.truediv}
resl = None
res2 = None
if tree:
resl = postordereval(tree.getLeftChild())
res2 = postordereval(tree.getRightChild())
if res1 and res2:
return opers[tree.getRootVal()](res1,res2)
else:

return tree.getRootVal()

KR 6.20 XARFBHEEERIAXRER
EMAMARL 6.20 AR 619 B2—#H, XHETER 6.19 AHMNEGHEBEMAER
3 620 1 FBAVREGE, XERMNTMBRILE 6 THE 7 TEBEABINEMEGFRESR., 2B/
F X EARFERRPENE 9 THREET—EZE.
APHRE—MEIARNATFRE. EFFEHF, BNEAEELEFH, 2EERETR &

BipEEFH. 85 621 H{ETHFBHNRE., RMNERX=FEHHRBREBIAENET
print 1BA)AE X T8 V3 R EUE A RALE .

def inorder(tree):
if tree != None:
inorder(tree.getLeftChild())
print(tree.getRootVal())

inorder(tree.getRightChild())

R 6.21 —XWHHFEHRE

WRBAV BT IT AR RNTFED, BESEXERESHRAFERX. TT A
EREMNPFFREHNEEZERNERERSFTIAN. REMUTER | AR FH0EE TR 5%
HERES, RREFENATRZERHARS. ERARBILARD 6.22 .



def printexp(tree):
sval=""
if tree:
sVal = (' + printexp(tree.getLeftChild())
sVal = sVal + str(tree.getRootVal())
sVal = sVal + printexp(tree.getRightChild())+')'

return sVal

R 6.22 RAPFEHERFEEREREFESPRFIER
BAVKIL printexp RBFNMHFHMTIES, XEFSERIBEM. ERERFHEIH
SHGIERIRER printexp BEREBRXLEIES,
6.8 — X # BINARY HEAP IR &9k 5 BA 51

ERENETERNFEIT kiftkd” (FFO)MEBIRLEM - BAFI(Queue), BAFI—FREZMNE
Anf “fEFEBAFI” (Priority Queue). TLSEBAFIAYHBA(Dequeue)iRIEMBEATI—1¥, HZMBAE
BA. BAEDLEBIIAED BIETACAFRAENN "MER KAENERSMERNEIRITHEN
B MLERREAOEIEDAAE . X, LEAIIBIABN(Enqueue) R ERL ] BE T2 BB IHT
BIRAFIEITT. BB RN T T —EBZN—LEEEE, LENIRRE BN —FEIRED.

ROJBER B A A8 2 HEF R EFBASI M — LB B ARSI BT, B2, EFIRER
A— MR EZE R O(n), FIFRHFHEZER O(nlogn). AT XA BIA 7 /A KBRS 2%
F. — MM ERTINE T AER R AZ X H#(Binary Heap) 5B, = XIS
FINBAFDH AR Zx B &R FFTE O(logn)..

TXHMFBZLET, HEBREMAERERTREIXW, EEMNATUXB—1IRE
KUE. ZXEBERRWIPHNRA key HEMNEHFRA “B/HE(min heap)” , Rz, &K key
HERERRE “RAH(max heap)” . AX—TEHMNSEAHNHE, BAERAHENEREES

;_,i.‘iﬁ_o

6.8.1 — X HEH:
ARG — SR EARREEXNT

* BinaryHeap(): BIE—MTAIE — X R

« insert(k) IIA—D T EIREI R

o findMin():1% [B1 3 1 B9 &/ NI, B/ NIRUTBAR BE T 2 P
« delMin():1R [B #E F A9 B/ NI [B] B A 1 AR A BR

* isEmpty() IR EHEEH AT

* size()IR B3 R EARI AN

* buildHeap(list):M— key FIZFREIZEHHE



MRS 6.23 A — LT XUETTAEANSRA. T IAEZ TR IATIABRFINFIE 43R TUR NS
WE, SXREBSBHRRNINEIE. RMNETREBZLAXPERZE.

from pythonds.trees.binheap import BinHeap
bh = BinHeap()

bh.insert(5)

bh.insert(7)

bh.insert(3)

bh.insert(11)

print(bh.delMin())

print(bh.delMin())

print(bh.delMin())

print(bh.delMin())

KM 6.23 ZXHEFHEFERAMNRE

6.8.2 — X HE Sz

6.8.2.1 - SUME R &E R4 B

N T EHEBRAE s RO AT, BATRER = XM B8 R B B0 — PEFOR SE BRI AT o )
I, T AEHESRAR I B AR AR AR FFAERT BOUKF b, il e ZUIR 28 R — IR I “ P47 o P —
SCRAR AR e A5 WA 26 AR TR BB K19 e AEBRATTIESE I, AR “ &= X 145 H R
ASEEL P o SEa SO, RN WETT A AT R, BB AR 1B 6.15
iR — N Te 4 = X .

B 6.15: E& - X

SEAT ) 53— MBI RSV BATRE F B AN 1 R SEBL SE A T AN R B 9 05, ST iR E
o BUONK T 5848, WRAT SAESIR P AL E N p, AT RALE R 2p, KK, JE
AT R BRI EN 2p+1 . BIANTEIAL R S i, W LA A python AORERRERIK. 2575



MAESIR PO E A n, AT ML E R n//2. B 6.16 fin —MNE WM s RER, TE
R EAE 2p A 2p+1 B 5 5 HACH MR T RBIR AR o e ) 91 R R AR Kl S5 4 (R 1o
AR FRATTREDS i FH ] B ) B D5 v O ) — AN SE i . IR T T OHER) s RSB

6.8.2.2 HEMI WK It

FRATTFH AL HE B Aot A7 e TR T VA MO T R HEDCOT . PTRMEOOT, RdRHE PER — D i x,
FAZHT /U p TR key BN T EEET x T keyo B 6.16 4 H T — D BAA MR T IER 2N .

A 6.16 : EEWMHETIRET

6.8.2.3 . X HEERAE Y S

PN RIATTFUEFI I 32 BR BOR S = XCHE o BRI AT LR — N PSR ORAFHERICHE K03 bR 4L
UL TG ZAIIEAL — BRI — > currentSize KEREFICFHE L AT K. AU 6.24 Froms2 R thig — X
HE) python ARG, HApRE Nhroy 0 BT B 2, (809 15 mACS AT LA 21 00 2o b
%, PiREE.

7L 6.24

class BinHeap:

def __init__(self):

T ORIATE LI A insert (key) Jridie EFFR A A INACHs 005 7 B0 5 vy 2 14 5 XS LA
BRI IR R AR . AR IR Y T 58 M PE DT, BRI RIFHER P, AL, FRATH]
LI I ECASHTIN N BB STORI AT R A D7 2R RS HE R A o 3 SR N F 0 01 b A2 o 2
Ny ATLEEE SR MR E . 18 6.17 Frn2— RIS BAERAHIA s T “ B 215
T IDA =R



B 617 : HTs “L% FHEEHMNE

BIATLE— D HFE T I, FATORIE 18 w5 501 s DUR AR YL 5519 s [ P . 2
R WAUE R AR, BATA R ER e A BB S AN RS HE L, BRATHEARL
e, ERPEEM KT, AU 6.25 Fronit B rik, el Rl R B R AL EORORER
P X ARG AL 7 3AIAE heaplist TH3cH HIRIIITCER 0 M 2k . A 75 SRR 1 0 B Bk
BT AT ARER L 2, BATHRE TH L AR RS2 R



W 6.17, TATCE LS H insert (key) JiERIMIS . insert (key) JiEAR K—3 772 H

percUp BREERI) (LAY 6.26) o ZBFANIIFT 19 s, AT percUp &t il LICKE B 15 s i 8 16 1 32
AL

def percUp(self,i):
whilei//2>0:
if self.heaplList[i] < self.heaplList[i // 2]:
tmp = self.heaplList[i // 2]
self.heaplist[i // 2] = self.heaplList[i]
self.heaplList[i] = tmp
i=if/2

3L 6.25
def insert(self,k):
self.heaplList.append(k)
self.currentSize = self.currentSize + 1
self.percUp(self.currentSize)
15 6.26

AR O e LT insert (key) J7ik, HAPREFE delMin (O Jjik. HERFFEORIRTS M2 i
ANFIEHE I, DR AR S R B /NI o LA PR X PR 9 5 MR T s 00 T3 i e A 52 A 5 ) AT O
Fro BATRI P E. 56, MiR)a— DT nORAREBHRT fl. BB iR)e — D i RR 7 HEZ R
PR . Wy S B e, IR T RERBIRHER 7 o IX AU 258 — 2D R B R R T R HE IR
6.18 PR it — R BN Wt AEARAEH 5 s U B LA AL 2L



6.18 : Fim “T”



N T YEREHERIIRT I, FRATT R 75 BEAC AR SR EOAR Y s/ N BB/ N T . EIRAS RS, 1A
FIRE TR EEA WA S #E, BB AR S EE AT RGN . AR 6.27 B N R U R
f) percDown A1 minChild 75 7% (1 CH

78 6.27

def percDown(self,i):
while (i * 2) <= self.currentSize:
mc = self.minChild(i)
if self.heaplList[i] > self.heapList[mc]:
tmp = self.heaplList[i]
self.heaplist[i] = self.heapList[mc]
self.heapList[mc] = tmp

i=mc

def minChild(self,i):
if i * 2 + 1 > self.currentSize:
returni* 2
else:
if self.heapList[i*2] < self.heapList[i*2+1]:
returni * 2
else:

returni*2+1

def delMin(self):
retval = self.heapList[1]
self.heaplList.pop()

self.percDown(1)

self.heaplList[1] = self.heaplist[self.currentSize]

self.currentSize = self.currentSize -1

118 6.28

B 6.28 frzn /e delMin O #RAFMIACRS . 7T A B R XER 8 70 t— N B ek Ak 22, B

percDown,



AR IR B Ja— B R AR BT IE N PR A A HE . BA T BRI Z: ] insert
(key) J7i%, WEFFEPHIBEIRIUZEMEANZIHED . X T—MHFFRSIER, FRATTUH 28R
RS E AL ERIEN T A key, BAEE IR Ologn). 2R TMTHH A — AN Eeta TR 513 18] 75 22K 571
RILAEAR TR SO0 Ul AL, R AF R EEZ O(n). NI insert (key) J7iki s fAA 2
O(nlogn). HS2, FRATREEHAF BN VIR BHE, KEANIEHRIE O (nd o AU 6.29 Pros 2L i
RES (AR

%8 6.29

def buildHeap(self,alist):
i =len(alist) // 2
self.currentSize = len(alist)
self.heaplList = [0] + alist[:]
while (i > 0):
self.percDown(i)

i=i-1

Initial Heap
B 6.19 : MFIK[9,6,5,2,3|EFK— P =X

F 6.19 7~ /2 buildHeap (list) 725 WM 9, 6, 5, 2, 317F FIY s A8 3h 21 IE 1 17 B I BT
ACHHRAE . RERATAR B 4E, AR5 BB AT 2L, 15 percDown J5 A ARIE T K19 s 2
R FUNHER FEAR, ATATZI A ST AR A, BRI T e R, B =L,
PATHARTT ST R T U0, X T B R RIS IEIE . aTUER], K 6.19 SA A Wi, &k 9 M
WA A E L, BET —EH2 )5, percDown it —HA46 8 B ILI (745 5, REE FRESIA
BE BRI, BIRREREIEMAIME. Xt S8 T acH: 9M 3 S, T 9 BB TN
RIKE, [FRE— ST . WE—TE 6.19 Finl— RHIZZH I 51 R E R R R 2R H
[

i=2 [0,9,5,6,2,3]
i=1 [0,9,2,6,5,3]
i=0 [0,2,3,6,5,9]
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def insert(self,k):

class BinHeap:
def __init__(self):
self.heaplList = [0]
self.currentSize = 0
def percUp(self,i):
whilei//2>0:
if self.heaplList[i] < self.heapList[i // 2]:
tmp = self.heaplList[i // 2]
self.heaplist[i // 2] = self.heaplList[i]
self.heaplList[i] = tmp
i=if/2

ifi * 2 +1 > self.currentSize:
returni * 2
else:
if self.heaplList[i*2] < self.heapList[i*2+1]:
returni * 2
else:
returni*2+1
def delMin(self):
retval = self.heapList[1]
self.heaplList[1] = self.heapList[self.currentSize]
self.currentSize = self.currentSize - 1
self.heapList.pop()
self.percDown(1)

return retval



def buildHeap(self,alist):
i =len(alist) // 2
self.currentSize = len(alist)
self.heaplList = [0] + alist[:]
while (i > 0):
self.percDown(i)
i=i-1
bh = BinHeap()
bh.buildHeap([9,5,6,2,3])

print(bh.delMin())
print(bh.delMin())
print(bh.delMin())
print(bh.delMin())
print(bh.delMin())

7MKL 6.30 : T2 ZXHRHF (completeheap)

REFTHFEY: BEAE Om)MARH T AR = OB R AT e i, I AR 7 A5
Bilo (HsZ, ZEHE O(m) A BE AL BHE Y <82 1C AT logn BRI~ RIE T B . xS T~ buildHeap
THERVFZ BAE RV, WIS LE logn Z/h.

BEARBAT 22 REAE I (8] DY O(n) I UL ™ MR AL lHE, B AFEA & 1 B Ja FATTRT AA— A
Yr2]: IHERM B — R SR 91 RBEAT 25 2 O(nlogn) (HER -

6.9 — X i RH

BN ELFRE—NES P REEXS PR AR . B2 — N iXSES 2 W28l ADT
MAP ). IXFIFIRATTTE I ADT MAP S El 5 XAR SR I AR ARSI R . FEXA 0, FATE
BRI R N MNESR B R S — My, FEIX R T A AT B LR A ) S B B AN K
N, AE R IRATINS A R S R SR BRI T AT R A R RO R

6.9.1 & B A

ERAMBEX ML TR A, ERAIEH — ADT MAP #4#t:H#Z 0. BN, XRED
F1 Python 17 335 AHALL .



Map() ZE3—/MHHIE map.

put(key,val) 7 map HHIN T —/NERIEEX . WMARAXANMROLEXA map F T,
-2 5 FH T B B SR A TH R 08 o

get(key) FRAL—NEE, & [A] map HIRMERIEHE, HIRIE] None. .

del F del map[key]iX F /LM map = B Ba 4 X o

len() i [F] map H ORAT BB AL H -

in 04558 S TRAEAE map HHEAT R, WIER B4 BBEEAE map 1, iz [ True

6.9.2 1 2 W L

AN TALERR, R TR A Key BN T AL WA TR T AE Key #RRTACHT AL, K
ATFEX TR FR A BST #RW . Q1 EATATIR, AT Map Tk, BST J5ikH4 51 SEATLIX —
mo [816.20 BoR T T AR B AIX —HREE, BORKOBERCA R RIRAOE . VR XA EIE N T
AN AT R FTAAE L T RIS /D TARIEAE R, PrA B EAS TREIRTIR.

70

[\

31 93
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14 73 94
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B 6.20 —1“H Python #HEXS R+ % B W imBAF

BESRR L AT 4 & = S RM T, AERATRE B = SR W W sE . EFRA TP 4 A
70, 31, 93, 94, 14, 23, 73[ME/GE, B RERMACER TEERTT S BIA702 84 A B 1 25
—AVEE, EER TR, BTR, 31/hF70, BULEZ70ME AT . #ROR, 93 KF70, KkZ70 1)
HFA . WATIAEAHANZ RO FRIET, BT RWE S, B E318#HBHAEL T, M
F94 KF70F193, FrLAmi o34 T8 . FFE, 14/NF70M131, KL N3 A 7345 . 23t /h T
31, WULAATEILME TR, 2800, ©RkT14, EILEN1404 T35 5.

SEIL SR, FRAPRHS T S s v, IR RLT — AN RATTH SR S B A 1A U 1
. (HE, FAIRATLIRE QA H — A2 AR, FrU RN A 8
— A RBA IR N BinarySearchTree, 5 —/NRIRATIFK 2 ATreeNode. BinarySearchTree X —~ 5| H$&
M TreeNode Rl — XA R MM, fERZEAEW T, IMBAHEREE X —ks, VMEERINEE T
MRS TN, WREFH LB, ZEREELAMN L, 7EBinarySearchTreeZid, MR X oN—
NS AR ECE TR AR I PR AR T SBRE R IS O, FRAT T SR B AT B
BinarySearchTree2f it 4 37 DA K — S8 LA 5 THT B 5 1A RS 4R 26,310 7
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TreeNodeZB42 ik T £ Bk %k, f¥iBinarySearchTreeZ ) /7L TH 5 5 f#5. TreeNodeZ&HH)
i, DRI B R A AR S RS 6328 R . IEWMRTER R E RN, HIRRXLeARBRE, TTRUR
a7 AL B RNZT TR TR0 s, PUEAZTT SR R T s ek
i) o TreeNodeZS 44 B fff i B N1 RUB ERX AT s B 51 o M3RATI R deldg A E A I SEIL, IR
BB AKX R EEN,



TreeNodeZSEHLI 73 — MR T A2, AV T Python P IFIES 4, Wnfige6.32 7. "k
SHALTRA VRS HAEA RIS N A8 — 1 TreeNode, 7 B FATARZLAI 3 — /N Hi ) TreeNode 7 7 —
AT AT e I RIS R AL BT DR ME NS H. R IEERATA &
A — - XT [ TreeNode,  MIAME AT S A, AERXAFOL T, FATEE A TS HU s 2 -

def replaceNodeData(self,key,value,lc,rc):

self.key = key

self.payload = value

self.leftChild = Ic

self.rightChild = rc

if self.hasLeftChild():
self.leftChild.parent = self
if self.hasRightChild():

self.rightChild.parent = self

def isLeftChild(self):

return self.parent and self.parent.leftChild == self
def isRightChild(self):

return self.parent and self.parent.rightChild == self
def isRoot(self):

return not self.parent
def isLeaf(self):

return not (self.rightChild or self.leftChild)
def hasAnyChildren(self):

return self.rightChild or self.leftChild
def hasBothChildren(self):

return self.rightChild and self.leftChild

%5 6.32

BESRER NI TA T BinarySearchTreeZshell fiTreeNode, ILZELEFATE put 7L LG = YR K. put
Jik & — BinarySearchTreeZK ) 7k, R EMEHTOELERT H. WREEH, puthld—5
) TreeNode - EAE AR IR 4T /L, AERFRIR . R — MRS C&Bf, AT EAR
O, BEATERH, FAHBIDIRE _putdi R AR R



o MAHIMRITAEH R, tLBCH B, WA R/ D T sl RAT W, W
BB RERKT LA, BRAETH. X

o MK (BUH) THIAER, RATRILAICLE B RZIE T W b 2 i mimicE. X

o IR IN—ANN AL 7B E— B RIUEAN RV E B — M HT 1 TreeNode. X

FA56.33 57~ ERIHEAH T AUHIPython G, _puttR#d% il FR P IRE RS . T ER, X
— T SAEAR, CurrentNodefF ST AR L H I o 44\ R B AL BEANS 2 A T3
ANSEILH)— AN el RO SEDLE AR, 6 T B R RO B EDRE B — > 5 SRR 7 R R A R SRR
F TR N BAT SR AR SRAA A RO 79 R XFESR 45 SR A AR T A R AR Rk
SRR ST AR B R (R AN 1)) T i A T BT key FE 1R (M value B #ds [H A ) value . SRATTIERE
XM buglF N4> B 45 K5 .

Bl put 77 VE R E X, FRATAT LIRS 5 M B 2k [ [1E A3RERT, @i _ setitem_ 1) K8 H
put 7 ik, XA FATREW 'S L imyZTiptree['plymouth’] = 55446 —F ffjpythonif A, iXF&E b Emi%
Python 78 .

def put(self,key,val):
if self.root:
self._put(key,val,self.root)
else:
self.root = TreeNode(key,val)
self.size = self.size + 1
def _put(self,key,val,currentNode):
if key < currentNode.key:
if currentNode.hasLeftChild():
self._put(key,val,currentNode.leftChild)
else:
currentNode.leftChild = TreeNode(key,val,parent=currentNode)
else:

if currentNode.hasRightChild():

K% 6.33

def __setitem__(self,k,v):

self.put(k,v)
K7 6.34
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H 3 A

4, WTRWRAN IE R R T R0 4E NS, 30, 2, 40, 25, 4JAR T XAERM?

a)

b)



c)

—ERBRE, BN ORIE S HE e E LU E MR R . get ik Lput B4 5, Koveid )it
R, BRIV EC K R sk R — DM EER R . DL IR IUS , AR T 5
HME R [B] .

def get(self key):
if self.root:
res = self._get(key,self.root)
if res:
return res.payload
else:
return None
else:

return None

def _get(self,key,currentNode):
if not currentNode:
return None
elif currentNode.key == key:
return currentNode
elif key < currentNode.key:
return self._get(key,currentNode.leftChild)
else:

return self._get(key,currentNode.rightChild)

def __getitem__(self,key):

return self.get(key)
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f56.35 %7k T 1CH0get, _getfll_ getitem . _get /7iEHIHH RS, {# ] _put)y ikt A st
FAAREE. HER, [HH_get/71iz Al —TreeNodeZiget, X{# 15 getliN—1 R

TER AN TR, ST HA ) BinarySearchTree /5 v2: 1] e 75 B | F TreeNode 37 4 T 61 4% DL W i FHAth 25
P .

B seit__getitem__ U5k, IATHILASH TPythonifi &), AEA TR KRGS 74—
B, TSRS ERATRRAEMN —A = AU REW, #IIZ = myziptree [ 'fargo’]. WRTTLLEZ], FrAHI
__getitem__J7 5 ARE 1 FH get

i get R E, FeAlTA] LL MyBinarySearchTree’S  contains__ /72 AT BERS A8 FH A 7Fin .
__contains__ 2T HL. 1A FHget, MgetiR [AIME I F IR [FlTrue, W1 getiX [FINoneifi i [F] False .
__contains__ 717X U1K 6 Fias:

%3 6.36

def __contains__(self,key):

if self._get(key,self.root):

if 'Northfield' in myZipTree:

print("oom ya ya")

[F_ contains_ EE#X T #AEfFin, XAV T AT XFEFIER]:
€78 6.37

e, FADRKIEAE = SALRM P R BB R L, B —A (B RFHIERT) - HEAEFSFZK
B EMIERFHE R B e WA — A B AL AT _get )7 i3 R 4R 2 75 ZEMIBR 1)
TreeNode; WIRM R AT — A1 ml, X RRERANTERERW AL, (HRZ AR 06 Z0AS: B DLy DRAR (1 6
A LR EEMI BRI B . AECL EPIARMEOLS , WROR AP, delBRAERT Il e .

def delete(self,key):
if self.size > 1:

nodeToRemove = self._get(key,self.root)




if nodeToRemove:
self.remove(nodeToRemove)
self.size = self.size - 1
else:
raise KeyError('Error, key not in tree')
elif self.size == 1 and self.root.key == key:
self.root = None
self.size = self.size - 1
else:

raise KeyError('Error, key not in tree')

def __delitem__(self,key):
self.delete(key)

R 6.38
—HERAVRIE A EZMBRI BT R, A =M, BRATBAHE S
1 ERIBRET R TR OLE=) .
2. BRI RA TR LB |
3. EBRET RA TR OLETD .

B MEOLR R RN (S HAAEE6.39) o WERLRTI AR T, I BATR EHEIR MR %
RIFETR A J00 5| HR23h 4 L ACH /il AP ARS EonEIX L .

if currentNode.isLeaf():
if currentNode == currentNode.parent.leftChild:
currentNode.parent.leftChild = None
else:

currentNode.parent.rightChild = None

%5 6.39



A 6.22 MEETH =16, XA EEETFHOER

FHMREOUARMME R (S HA%6.40) o MR AT RRAE AT AL AT LT
WU A A B . EIRXMIEOLT, ARSI N EIR. REREBAE, maE RGNS
JEo BT — AN BUH T B DL XS PRI, B TR AR A A1 w5 2 TR OL R . SRS
XIFRXS R o REELREN T -

LA R BT R AL T R IS RAT R ST 2 i A A AR 1R S T R S AR S
P SR ARG ST R e 19 s ) 51 P SE I 81 24 i1 s f) 5 A

2R AT R AN R SRR R S A R A T R R 2 BT R A S RS
FEs SR ARG ST RN A 19 s ) 5P SE I 81 24 i1 ) 2 5

3N T A A A L, B IURAR T A EXAEAL R, RATH T, AR,
FoF A AT s, iR AR A replaceNodeData 77 7% »

else: # this node has one child
if currentNode.hasLeftChild():
if currentNode.isLeftChild():
currentNode.leftChild.parent = currentNode.parent
currentNode.parent.leftChild = currentNode.leftChild
elif currentNode.isRightChild():

currentNode.leftChild.parent = currentNode.parent




currentNode.parent.rightChild = currentNode.leftChild
else:
currentNode.replaceNodeData(currentNode.leftChild.key,
currentNode.leftChild.payload,
currentNode.leftChild.leftChild,
currentNode.leftChild.rightChild)
else:
if currentNode.isLeftChild():
currentNode.rightChild.parent = currentNode.parent
currentNode.parent.leftChild = currentNode.rightChild
elif currentNode.isRightChild():
currentNode.rightChild.parent = currentNode.parent
currentNode.parent.rightChild = currentNode.rightChild
else:
currentNode.replaceNodeData(currentNode.rightChild.key,
currentNode.rightChild.payload,
currentNode.rightChild.leftChild,
currentNode.rightChild.rightChild)

K7L 6.40

B 6.23 MEET =25, ERRF—NFHRAMTAN

= RE R AL B S L (S WAREE6.41) o WR— AN RPN T AL FROTA AT RER 5
Mo —AMERFRTE B RIIALE, Rt E T AL ARACE AT RIMBR A,
7 EREANN R, BRI R A TR PR SRR R R ERERI AW
TR FATFRX AT RONSEE, IRJRBATR T HRAMEE, MEH PRIERA L ERT



s PTOBATREE T S RIE R P ARG OLSEBLE . — BAMEEH RS, A TS AR B
BRI T AL

B 6.24 MERT S5, HEANFROHS

H=FERARIB R RIR.  EE, BATEAMBITE findSuccessor flfindMin K38 B 4841 &
K. TiFEZh4kTE, FAIFIFH 7 i%kspliceOut. A1 H spliceOuti )R R 2 & Re 3 B AT B B3R BIFF 4y
BN, SO BRI R . FRATH AT CLE TR MBS, (EAREEIRA I SR PR (8] e B TR <™y

\\\\\

elif currentNode.hasBothChildren(): #interior
succ = currentNode.findSuccessor()
succ.spliceOut()
currentNode.key = succ.key

currentNode.payload = succ.payload

K%L 6.41

REAEFE RIS (S 0AR056.42) , /R AEF|—TreeNode & (17575 . XML —
MAERTREIPFPEST, #%ME N BT RN TR 1 m . SHRAMEE A =M s R ZE 58 X

L WERA S AT R, ABMER RS TR /M.
2. WMRVWRBAA TR, REKWRNA TR, BAK 2k EE.

3. WRWEARWANA TR, MASEA TR, WAZA s B GEH 2 I RN 4RE
& AEIERA A

A T XA R R BT A, B — P A ME— X AT TEE B . {HfindSuccessor 7 1B AE AR &
a4 PR E AN A &



NfindMin 7732 2] — TR b iy ZAE, BR/AMEAEAER — AR TR A2 TR
FE e PRI findMin 7592 R R SLGE BR 72 T, ELRIFR BB 22T T R

PATET EEFH A RW R R)e — MR A7 % e ATT AR H2 U fa] S0 s i _E T (4
B . IXARBATH TSP, Dt A AR ST 2 AT O 22 038 ] Ak P v P g — X

B, R, B NSRS REE L — m TR, BOYR R ABEARR N, — s AR R B — Ay
R

Pythonf2fit T — AN E R TR K I B $yield, BTG —MERES . yieldFlreturnfHfLl, & ik [E]
—MMEL IR . yieldH SN BERCE REUEIT B ArPRA, DUE R BRE, 49y
BRRASHAT . BIEEATIE AT 50 ok B o AR o .

X R IER AR A AS6. 43R . FANEBEX MUY E—F, AR NS 2R
R HAEIRME, _iter_ ESfor x inERAERFRSLHLEA, P DUB IS 35 U R B 6
TreeNode#E4Ti#, _iter_ 7ETreeNodeZSH 5E X,

def findSuccessor(self):
succ = None
if self.hasRightChild():
succ = self.rightChild.findMin()
else:
if self.parent:
if self.isLeftChild():

succ = self.parent




else:
self.parent.rightChild = None
succ = self.parent.findSuccessor()
self.parent.rightChild = self

return succ

def findMin(self):
current = self
while current.hasLeftChild():
current = current.leftChild

return current

def spliceOut(self):
if self.isLeaf():
if self.isLeftChild():
self.parent.leftChild = None
else:
self.parent.rightChild = None
elif self.hasAnyChildren():
if self.hasLeftChild():
if self.isLeftChild():
self.parent.leftChild = self.leftChild
else:
self.parent.rightChild = self.leftChild
self.leftChild.parent = self.parent
else:
if self.isLeftChild():
self.parent.leftChild = self.rightChild



else:
self.parent.rightChild = self.rightChild
self.rightChild.parent = self.parent
def _iter_ (self) :
if self :
if self.hasLeftChild() :
for elem in self.leftChilLd :
yield elem
yield self.key
if self.hasRightChild() :
for elem in self.rightChild :

yield elem

78 6.42

ez, RA]BERE T #BinarySearchTree flTreeNode S [ 52 B AR AL «

class TreeNode:
def __init__(self,key,val,left=None,right=None,parent=None):
self.key = key
self.payload = val
self.leftChild = left
self.rightChild = right

self.parent = parent

def hasLeftChild(self):

return self.leftChild

def hasRightChild(self):

return self.rightChild



def hasRightChild(self):

return self.rightChild

def isLeftChild(self):

return self.parent and self.parent.leftChild == self

def isRightChild(self):

return self.parent and self.parent.rightChild == self

def isRoot(self):

return not self.parent

def isLeaf(self):

return not (self.rightChild or self.leftChild)

def hasAnyChildren(self):

return self.rightChild or self.leftChild

def hasBothChildren(self):

return self.rightChild and self.leftChild

def replaceNodeData(self,key,value,lc,rc):
self.key = key
self.payload = value
self.leftChild = Ic
self.rightChild = rc
if self.hasLeftChild():
self.leftChild.parent = self
if self.hasRightChild():

self.rightChild.parent = self



class BinarySearchTree:
def __init__(self):
self.root = None

self.size =0

def length(self):

return self.size

def __len__(self):

return self.size

def put(self, key,val):
if self.root:
self._put(key,val,self.root)
else:
self.root = TreeNode(key,val)
self.size = self.size + 1
def _put(self,key,val,currentNode):
if key < currentNode.key:
if currentNode.hasLeftChild():
self._put(key,val,currentNode.leftChild)
else:
currentNode.leftChild = TreeNode(key,val,parent=currentNode)
else:
if currentNode.hasRightChild():
self._put(key,val,currentNode.rightChild)
else:

currentNode.rightChild = TreeNode(key,val,parent=currentNode)



def __setitem__(self,k,v):

self.put(k,v)

def get(self key):
if self.root:
res = self._get(key,self.root)
if res:
return res.payload
else:
return None
else:

return None

def _get(self,key,currentNode):
if not currentNode:
return None
elif currentNode.key == key:
return currentNode
elif key < currentNode.key:
return self._get(key,currentNode.leftChild)
else:
return self._get(key,currentNode.rightChild)
def __getitem__(self key):

return self.get(key)

def __contains__(self,key):
if self._get(key,self.root):
return True
else:

return False



def delete(self key):
if self.size > 1:
nodeToRemove = self._get(key,self.root)
if nodeToRemove:
self.remove(nodeToRemove)
self.size = self.size - 1
else:
raise KeyError('Error, key not in tree')
elif self.size == 1 and self.root.key == key:
self.root = None
self.size = self.size - 1
else:
raise KeyError('Error, key not in tree')
def __delitem__(self,key):

self.delete(key)

def spliceOut(self):
if self.isLeaf():
if self.isLeftChild():
self.parent.leftChild = None
else:
self.parent.rightChild = None
elif self.hasAnyChildren():
if self.hasLeftChild():
if self.isLeftChild():
self.parent.leftChild = self.leftChild
else:
self.parent.rightChild = self.leftChild

self.leftChild.parent = self.parent



else:
self.parent.rightChild = self.leftChild
self.leftChild.parent = self.parent
else:
if self.isLeftChild():
self.parent.leftChild = self.rightChild
else:
self.parent.rightChild = self.rightChild

self.rightChild.parent = self.parent

def findSuccessor(self):
succ = None
if self.hasRightChild():
succ = self.rightChild.findMin()
else:
if self.parent:
if self.isLeftChild():
succ = self.parent
else:
self.parent.rightChild = None
succ = self.parent.findSuccessor()
self.parent.rightChild = self

return succ

def findMin(self):
current = self
while current.hasLeftChild():
current = current.leftChild

return current



def remove(self,currentNode):
if currentNode.isLeaf(): #leaf
if currentNode == currentNode.parent.leftChild:
currentNode.parent.leftChild = None
else:
currentNode.parent.rightChild = None
elif currentNode.hasBothChildren():  #interior
succ = currentNode.findSuccessor()
succ.spliceOut()
currentNode.key = succ.key
currentNode.payload = succ.payload
else:  # this node has one child
if currentNode.hasLeftChild():
if currentNode.isLeftChild():
currentNode.leftChild.parent = currentNode.parent
currentNode.parent.leftChild = currentNode.leftChild
elif currentNode.isRightChild():
currentNode.leftChild.parent = currentNode.parent
currentNode.parent.rightChild = currentNode.leftChild
else:
currentNode.replaceNodeData(currentNode.leftChild.key,
currentNode.leftChild.payload,
currentNode.leftChild.leftChild,
currentNode.leftChild.rightChild)
else:
if currentNode.isLeftChild():
currentNode.rightChild.parent = currentNode.parent
currentNode.parent.leftChild = currentNode.rightChild
elif currentNode.isRightChild():

currentNode.rightChild.parent = currentNode.parent



currentNode.parent.rightChild = currentNode.rightChild
else:
currentNode.replaceNodeData(currentNode.rightChild.key,
currentNode.rightChild.payload,
currentNode.rightChild.leftChild,
currentNode.rightChild.rightChild)

mytree = BinarySearchTree()
mytree[3]="red"
mytree[4]="blue"
mytree[6]="yellow"

mytree[2]="at"

print(mytree[6])
print(mytree[2])
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DAREREMRT put TTENNTSREIMNS KRS, RUEBNHEMTTE getin M
del hEXMRFIA, RAB get MRMKELIE, ERANBEET B-—EHRRWERMARELE
B, F—F del WiFFELEFESR, RACTHFFRAEMBRRIETHZ T —EER T —PURT
R BRIER, FHREAVINEABEHEIARKNSE, XERERIABREEMIETIEME,
EANMBERENU—NEHR T, FFUERERERANEY (HNEEXE) .

6.10 FH X RN

EE—THBENEITEL N ZXEERER., BMNANE, SNEESAFLEN get 7 put BiES
FEZXEEZWAMEEREKE] O(n) « EX—PHHBIEES—MIFAN-XEEN, e lasht
TIR%, DIFERNE RS, XMW AVL &, BABfAA  G.M.Adelson-Velskii 1
E.M.Landis p

AVL SR (Map) EUIREIERE, BB TEBRN_XERN, B ERZXRA
THFRX. AKW AVL WEMNFTEENFOFITRIA—TFEET (balance factor) PUERERHE
TWER. BNBSREINTRNEETROSETMILER., EEXNEXE, — I TROTHE
BT EXAETHEBENMETHNSEZE.

balance Factor = height(le ftSubT'ree) — height(rightSubT'ree)



AN ENFERTHEX, MRFERTNTE, FORTH E£F" (eft-heavy) . W
RFERTNTE, BATHE “BE"  (right-heavy) . MRFERTEF, WREEXHT
. AXY AVL KB, FHREREFFLENR, RMNBEEXORFERTFE-1, 0 F 1LBPAX
MEFEN. —ERNPHTRNEEREFBLE T XNSEE, BNFTERKKETE. & 626 2
— MR EN AE WG, HhEeMTRERET FER T

B 6.26 : — /P EHERAFALEHENEER

6.10.1 AVL B4 gE

ARMNBEHTZALRNBRSIARZINMINFERRENER. ZNNFTERL, WANLIE
F—FEREAT-1 0, H 1, TRUENRHNBRESIEFNAKR O M. &%, BMNKREBEEFFXA
MR, RABATHMERET HAZK. BRDITERNER, ZERNMEGEN. WREANFE
EWEEEA 0, 1, 2 M 3, B 627 HHTAFANTTEMEIMNEAFENEZENNET .



.

6.27 : RMAHERAT, ZEM AVL #

E-THENTRHNEE BMNRASZA-—RSEX 0 FE 1 PR, —I8EN 1 8
WE 1+1=2 MR, —ISEN 2 BWE 1+1+2=4, —F5EN 3 HWE 1+2+4=
7T R, BERMER, BNBZSEN O TRE h (N) 2

Np,=1+ Ny 1+ Np o
BRBEABXANAR, EACMERBRFIEERC. FTOTUNBXDHARBL RS

%%ﬁ%ﬁﬁﬁ%ﬁ A AVL RIS R, EHNMENSR S, ERBREFIMELEBRECEXH

F,=0
Fi=1
F,=F, { +F,_,forall: > 2

BFEF—NMEENERE, MEEEBRZFIINGFTEREKR F/F. BRERETRELMO
_LME)
2

(@ o MRFBEE L XNHSERRTUETRABEZHB L. BONEEHEBERRXANTT

FBEMLFi: Fi = 0i//5 . MEFFERMENHRNTE N BHRES Y |

Nh:Fh+2—1,h21

BT AR E NI R BRETI AT BEATT UEE



h—+2
N =2 4

NG

WERNBERESEOT, HFABb 2 DRENE, AERR b, UTHSH
1
logN, +1=(H +2)log® — Elog5

log N, +1 —2log® + Jlog5

B —
log ¢
h = 1.441og N},

RXMESFEIFEA], EEAEERRANN AVL S EFTHRTREM 2 ARANENER
(FT144) f&. XRRIIN AVLRREZFEREAINERTIRREFREE O(logN) .

6.10.2 AVL #3LIL

R, WNELILH, FRIF—D AVL MEFERE—PMRRMMERT, ERMNBFRNOME
e R EA— N NRENEE. RARAENRBESEANT /REARE,  RAMNME—NEH
MPERTAHET, HUABMNYNBEANTOXBEHNER. EE2-BEEHHEARMNSNER
HXPRWFEERT. FNHTROETEBX TRl FEEFBRTZHTRRET REEET
Ro MRFPR/EBATR, XKTR/NFERFERD—. URFTRARETR, KPR TFEET
BEin—, SMARTEPHYATHNTROIRINTR, FEFIRZHE— M ENTR
—HEIWHR. BTXERE—1TBALE BRNTUERRIERFERFOEREM

1. BIAEME X MR,
2. AR TFERTFEABAT. BR, —BEFWTEERTAT, BAXDRNEEHERTFHA

SWET



AT AVL ®fER BinarySearchTree BYFHLH. B, BNBEEE put FES—NH
updateBalance Bk, XEEF RN 6.44 P, BRT 5 7 7715 13 7% updateBalance
FIAR, REERE put NEXMEEN - XERWETEHEN.

def _put(self,key,val,currentNode):
if key < currentNode.key:
if currentNode.hasLeftChild():
self._put(key,val,currentNode.leftChild)
else:
currentNode.leftChild =TreeNode(key,val,parent=currentNode)
self.updateBalance(currentNode.leftChild)
else:
if currentNode.hasRightChild():
self._put(key,val,currentNode.rightChild)
else:
currentNode.rightChild =TreeNode(key,val,parent=currentNode)
self.updateBalance(currentNode.rightChild)
def updateBalance(self,node):
if node.balanceFactor > 1 or node.balanceFactor < -1:
self.rebalance(node)

return

%5 6.44

_put BIKERD TIEERHIXAN#TAY updateBalance Fi3ASERAY. XTI 7 HATNIA 34 A93% 13
HE., ZMFFETEEERELSHPRESTOANTE, METHREENTE (16 17)

MBLUFTAFTERLYE, PBARFTENYUFTAHATHEREE, MABTEH—FTEHILH
B, NMBRYFPEAFTERLE, PBAXTAHNFEHEETSZERAE, NRXTSNFEERTIE
T, PLEFBITRXY S3#3EA updateBalance J7iE4R41T 1512 FIRIAIAR .

L
HX— R HTHEEEELEN, BINZEAME ? ARUNBFEERME AVL WRFH TEmAR
PHMRERNRE. HTiE—D AVL WIRETE, RMNFERERT—DHEDN R

(rotation).

AT TR AR, LRNE-—MRELMGT. BE—THE 6.28 NAEFXMBIN. XRWE
NEHER, FERTA- 2. ATIEXRETE, RIBSERTR A BTRTQETERE.



B 6.28 : EALRETRITER
WIT— DB INBEMEIUTILS
L AR (B) MATRAR.
2. BEBR (A) BIFRMOET S
3. WERHFIR (B) FERBADSR, MAILER B WAEDERAFRETS (A) WAET

Ro A HATHIR (B) B A MATR, ERXMBEATEINEN A HETR—EREM. XESHK
MARS AT UEELBHEN A FNETR.

BREXNMEFHBSLELEE, EERENADTERRT EIATHF-XERRWOME
ME, DAAEX EROIRFEY RBREE. Wi, BNBERRLFHLERN T A parent 15
o

IERMNBERR—FEHERAMRIRAATER. B 629 NEALRIA TR 28" B, R
MEERTA 2. FUT-PEWwNERE, RMNFEHBATILA

1L FEETR (C) BATHIR,

2. B (B) BIFRONETR.

3 WRFR (C) ERBEET= (D) , MBAIL D WAFRETR () NAEDR. AT
R (C) 2 E METR, AXMBEATEHEN E NETR—E2EMN. XESHENABELZEHR
JUEREBHEN E AIIET K.

G) © — O

A 6.29 : fEFIEHEINER TR TR



BRANMERERE D TiekiiSiE, THRTRENTE, IERNEERE. RS 6.45 AN ER
T AREMERERIG. €8 2 17, BB MR EERKREFTNFRR. EOFEN 80
WHFHNRZERNAT S, UE, ATREELWEREXNMINEE. BMERRMET 2Bk
AR ET =

T—H2EERH SHRIEE. WRIR newroot BXRBALAT S, AN SN TSTME
Ro FRAIX PSR ABRMXT 2. WRBERSEMIAR, BATNDILBERAIIRIEE
XNFHR. &N, MRAMBRZET S, BARMATEFTSHXTSE IR, 50, &
NHEETRHRXTRE—NHNR (17 10-13) . REFMNEEMBROE S AFHR, X
BERSEXNFTELRE, FFURMNBWR—DN RN REARG, —HFERE 6.28, rotateRight
J7ER rotateleft EXIFRAY, FrIAFAIS1LEB % rotateRight X453,

1R78 6.45

def rotateLeft(self,rotRoot):
newRoot = rotRoot.rightChild
rotRoot.rightChild = newRoot.leftChild
if newRoot.leftChild != None:
newRoot.leftChild.parent = rotRoot
newRoot.parent = rotRoot.parent
if rotRoot.isRoot():
self.root = newRoot
else:
if rotRoot.isLeftChild():
rotRoot.parent.leftChild = newRoot
else:
rotRoot.parent.rightChild = newRoot
newRoot.leftChild = rotRoot
rotRoot.parent = newRoot
rotRoot.balanceFactor = rotRoot.balanceFactor + 1 -
min(newRoot.balanceFactor, 0)
newRoot.balanceFactor = newRoot.balanceFactor + 1 +

max(rotRoot.balanceFactor, 0)

a7 16-17 FE-LEMERE. EXRTRMNEFRBRMFROFEET. RHrEEMmAE)
ERBHEN TR, WHINTHANTRNTEHERTAZRENT . ERNUTEXETE
EFNTEFNTROSENBEATERFEET * TANESHILRBAE, XEREHIERHN.



(») o
Al — () A
ANIWAN AN

B 6.30 : ZifEi

630 B RT—/NZENEEE., B M D ER 0TS, A C, E BHFH, iE hhFRRIU X AT
SRR E., BidEXRNMHE

newBal(B) = hs — h¢
oldBal(B) =hs — hp

EHAME, D HENEEBTEY 1rmaxhoh)2 ., RN, D HBENBFNEE
RRAEN 1. B he B hORERE. B EERRABT AR, TS

oldBal(B) = h4 — (1 + maz(ho, hg))

RERMTREZ, TEREENIR, A7 —EREBITERELTTRE newBal(B).

newBal(B) — oldBal(B) = hy — h¢ — (h4 — (1 + maxz(h¢, hg)))
newBal(B) — oldBal(B) = hy — hc — hy + (1 + maz(hc, hg))
newBal(B) — oldBal(B) = hy — hy + 1 + maz(hc,hg) — he
newBal(B) — oldBal(B) = 1 + max(h¢,hg) — he

T R33N0 oldBal(B) £I7772A9AImFF A max(a,b)-c=max(a-c,b-c)
newBal(B) = oldBal(B) + 1 + maz(hc — h¢,hg — h¢)

B2, he-hcF1- oldBal(D) #8E. FrlAFHKNITIAA R —14EE/UE @ max(— a,— b)=-
min(a,b), BFIXBATT MUEid I TS B2 newBal(B) HIH#S -



newBal(B) = oldBal(B) + 1 + maxz(0, —oldBal(D))
newBal(B) = oldBal(B) + 1 — min(0, old Bal(D))

BMNREZIE, WEAERENIEEE M. WRHENICHE B Z rotRoot, D&
newRoot, HNJUELXTE/HFE 16 F7HIES, = .

rotRoot.balanceFactor = rotRoot.balanceFactor + 1 - min(0,newRoot.balanceFactor)
—MNEUNHESELEEF TR D (AT, UREAREENEEREF. BAEXLEEDRN
NS,

RERTESIANABNELMET . FMNMBEWIMAEATRE, UWRAEHARER—EZES
Efhes:, BEERE 631, ATTR A BFERTRE- 2 BMNEZB— 1 LRk, B2, HBAME
TN RERAY

B 6.31 : —/\"EMRFEEHEN A LEHIH

B 6.32 FFTHA, EiekE, BAMDARFEE. MRBMNEM— N AiRERLEFTE,
B2 RERAIRE.



B 6.32 : ZiE EREHMEHT RARTLE

BAYEXAEE, FADIER AT :

1 MRTHBELREEZTE, BERTEDTANFEEHERT. MRADREENEDRM
alEkk, RRRTRERRE.

2. MRTHBEAREEZTE BERBETRNIEEY. NRETRAEARARETR
Thetk, RRRTRAGIEE.

& 6.33 B 7 XN E#ER(7ER 6.31 f1E 632 hBRMEE, Bk, U CH
RibATEE, FERER—NRENER  RE, A AR ElesE, BNFRIREFE.

°oo o

B 6.33 : Al ek



SKHLX LA RAET U] FF%"  (rebalance) AYTT7AFRE], NS 6.46 Fror.
FEMNE-FANNEZLT if BAPFHRER. EZXZANIHE 8 17 elif BAFRLIA.

def rebalance(self,node):
if node.balanceFactor < 0:
if node.rightChild.balanceFactor > 0:
self.rotateRight(node.rightChild)
self.rotateLeft(node)
else:

self.rotateLeft(node)

1R72 6.46

AER EANE BET AFTEELREEARENEFENOGT. L,
" ARRH SR LN, LER 632 MANEER—R.

“[E) R

B RFWIEE TS, RANTUHR get TTEBETHNEEREA O(log(n)) . EEE put
TTENNBEERERZ D ? BANE put TTEDMEA put ME—FHE. BTE-IHHRERER
HHRHEAN, B—REFFEXTRNTERTFRERABE logn KikE, 5—F—XK. MRT
HENMFENRZFER MERICTRRETE. B2, SMEEMNRIEE OQNERE, BIER
111 put RIEMAR O(log(n))HIEZE .

WE, BMNELII T —MEEAN AVL &, BRIFRBEMBR—DT . FAEHERT < FkE
R E A A E AR S .

6.11 ADT MAP SEEL/h%E
BEEERE, HMNELEITH/IMTUATEI Map HREBEXENEIELEN. JIRNT

PER, BFEK, —XERWMTPEHE-XH. (FARX—ZNER, LTS EXLELREEMNE Map
RISTRIE key AIBRIEFRIMEE (WK 6.1) .

BAE Eﬁééﬁ!iﬁ%)? #%1 MRARR “XHEREW AVL ¥
put o(n) 0(1) o(n) O(logzn)
get O(logzn) o(1) o(n) O(logan)
in O(logzn) 0(1) o(n) O(logzn)
del o(n) 0(1) o(n) O(logzn)

% 6.1: LbBAE Map SMAMRERI




6.12 Ih%

EX—ERANIE TR EIRE.

ELBWEIREMM T TEXLEE

® XN RAXNFTIEEDIFKRIE
® HA-X#HILI ADT map

® MAEH_XH (AVL #) S2I ADT map
® HXHI&/f

® FE/NHESSILERS!

WEIREMERINEIARSERENEE.

ERERA]

6.13 XxE1d
AVL —X3fE “XHEEWN
=X FHR SEA XN
i) IR R mE
ailii MR BE#
ADT map mAR/DHE TR
R R g JGFF
B e A F i
i3 TR Ja g%k
T il

6.14 5] & i iE

1. RIETFIxSH ek BRI, B AR R 944

>>> cptRnntVallr 0)
>>>r = BinaryTree(3)
>>> insertLeft(r,4)

(3, [4, 11, (11, [1]

>>> insertLeft(r,5)

13,15, [4,[1, 1), 1, (1]

>>> insertRight(r,6)

(3, [5, [4, [, [11, 111, [6, [1, [11]

>>> insertRight(r,7)

(3, (5, [4, 11, 11, [1), [7, 11, [6, [1, [111]

2. BIEE(4+8)/6- 3 MaRIAK, REEHIZEENRE.

3. FRIUTEHSIZR  [1,23456,78910], BIFMATTEERMIZSIRNOW, HEHIZZXH,

4. ZRUTEEFIR [10987,654321], BEEATIEEMIZFIRNOW, HEHIZ " XH,



5. £ — P EEABEIIR. BE—RBAIRF—DBHEMITERER = XHEN, BEHIZ
= X B,

6. RIEBATE [DIMAIFIZR, BISKEFIRMEA builldHeap F7EMSEAE M — XN, FEHIZZX
e

7. #BIRFEHEANTS] key {E : 68,88,61,89,94,50,4,76,66 F1 82, & H 4 i — X 1 XM AL
%O

8. AEM— I EHNIIR. BEBNZIIRPHBHER-NERY, BHEMNTX
BRI

9. ZETHEHIIFK 1 [12345678910], BE WA DERNITEEM-XIE, EHE
BB R ZER .

10. ZERTHIEHIIR @ [10987,654321], BE—RBA—NBEOTTEER-XE, &
A pHY = ORISR

11. ZEBRIMMERNFEHRARNBFIN X WBIHN AR, SYRITETIMAI—NF%E
(method) , A ARNELEIAARIFRBGFG preorder 2 Bite?, RAMBIHKNIARE (function)
SCILAORS i, O DATE R ELAERAS 7

12, RO T3~ R S B E S -

13. /E THNYN, BEAZTEFSENREETUILEEE T,



14. B TEMNBERIEIRER, HESHEEHN D TREHEETFHTRE.

(2) (2)
A () — (2)
AN AN

6.15 /N 4ET]
1. ¥'E buildParseTree F %, FCHRBBIIESIEDBHEFERIELN.

2. 122 buildParseTree F#(F1 evaluate ®%, HEMIBEEHRFXER (5 and,
5 or MIE not) . BEFE—PT—THREF, XSUFRHNRERHEEL—=.

3. £ findSuccessor 7%, E— 1M X#E RN IERHENTFET .




4 BRCNERMORBERE N ER . 5 R SRR TR 158 8T R
Bk, —MERNREERSR, SAPARENEERN3A (BIRF parent X458
—®ET)

5 B XBEMAE, FEHEBIHMBAEERENI. U2 R, NR—1RBE

(key) ERBFETIZWYEF, WA (value) FERRBHMARRMA S —NHEBEH
H#IE

6. KA—PRNMERH-XHE. BN, XNHERRXREFE n MERRSHEET. W
RENKNEEL n, RAEENTRBEEF.

7. B8 printexp K, FHABHEZRNTES.
8. £ buildHeap /&, E—"1HEF®EE, EREE O(nlogn)it B A —NIIFRHAEF.

9. E—1MRH, CTHMNABFRAXNMERIN, FEBTERXRLEBREANGEFEREL
SRSRESE g8

10. KX, N —PRAH.

11. {£ /A BinaryHeap 2, LI — N #H M PriorityQueue, {REY PriorityQueue ENiZ 8
FEME R E, 0 EABN enqueue. HBA dequeue F7%.




7. AR vk

7.1. Hix
o FRAR IR PR S R A
o BT % RO IS R R A R
o T AR AT FH T AR AN R SRR R ] R

PRI — B AT 2T B o B PEIRATT b — 2 S (e S e A S5 4, S EARTT A i —Fh
FRAOE . BT DA HIRAGA S AR 2 AR s, CARIEER R, SRR, R A BB
%, HRRIRERTH IR A T M ERRIE . JATFEX — FR A B — B RAVR s RIR T
TV, AT AT A FH e 4 P P SRR AR e — S5 5 R R AR DR e £ 1 it

XN UL, BB EDE TR R 2 (8] [ 5¢ R AR LR 5 MF, i EAUFA IR
MIRES . (HAZ, ATHA LUK BRI — A& HIRATRFEM %, AT BLETH LU RA—
SRS o W R AR AT M B R, AR 2 RE TSR AT PR B — AN B S — AT B . B
DR Bl e ] L O A2

PRI RNREAI 24, IRAT REARKITE A e A A f Fa IRAE (0 22 ST . Pl & — > RIB PR AR
RIS RV TTiE . 1B 7.0 JRIL T LB 22 e 58 B SN2 (0 0058 1 AR URAR S FL T

7.2. ¥ B 7.1 AR R R R EAR JsE X
5 T B — 4 1,

AT L IE e AN BRI A AR EE R . @R IR S, BRATE A M58 T —RIE .
TiA  Vertex

T (HWFR“IT R node”) J& BIELALES 7 & A PRI key” o TR AT LU BI04 2350
“playload” .

4 Edge

B (BARR are”) BB — NIRRT . W — SR NS, R s ARk
FRo WAV UUZREII, WA PURXA . iR — AN E AR A ), BATE X A E R A
directed graph/digraph”. _F BT B BB HOB EIR B B2 — N E M E, B9 IRG Aa0s 83 el fe o
A2 ] AR IRAE

E Weight



N T RIEN— TR EN 7 — AT A, AT RS i, — AN EREPTAS T T8 %
Hh PN T 22 TR AR A T DA R A

A TR S, BATALUERGE A E. BT G=(VEpk R, X TE 6, VAT ANE
%, ERMMES. BNLRATTAN W), w,vEV. FATATLMELTCA R A E = ARk
WE. EFR—ANTE s Bl e TS vHIES, ecEFHHvav,

B 7.2 JRIL T 55— ANl A TR B 34 B AT AR IR 8 6 AT A
V={V0, V1, V2, V3, V4, V5}
U SulivE Sef

E={(vO,v1,5),(v1,v2,4),(v2,v3,9),(v3,v4,7),(v4,v0,1),(vO,v5,2),(v5,v4,8),(v3,v5,3),(v5,v2,1)}

K 7.2 Fra e T

B 7.2 FRERI Y A E R B AE:
B Path

BRI E%E, 2RI IREBERRM ST Y. RATE A E O P=(wl, w2,..., wn), AT
P 1<=i<=n-1, (wi, wi+1) € E. GAERERKENLKEE, 5T n-1. SRR KENITEIL
BEZ A i 2 F1 A V3 B VL I — SRR AR 2 TS T 51 (v3,v4,v0,vl), Hilh
{(v3,v4,7),(v4,v0,1),(vO,v1,5)}.

B Cycle

A E BB RIS R E . fian, B2 BERAR(VS,v2,v3,ve) 2 — AN . A R E
AT acyclic graph”, ¥ B A 17 BFRA“H m TCE B directed acyclic graph B DAG”. #% [
SREATE R, Zin) Ba] DI 2R DAG B, FRATTA] DU v — B4R B TR )

7.3. Bl R EE KA
B R BERA (ADT) HUW R E X
Graph(): /& —N=HE

addVertex(vert): B—AT0 & Vertex S &I K+



addEdge(fromVert, toVert): ZiN—%4 [
addEdge(fromVert, toVert, weight): s II— 2% LA A3
getVertex(vertKey): KEIHFLFRA vertkKey FITH A
getVertices(): R[FI /T TS 513K

in: %I vertin graph MERTE, REITAESAEET . WRAENIRE True, FMRF
False

UM TR LALE Python SEHLEH S 53R 458 (ADT) , T EAEA[E BN iR AR . IR
SEHVE N4 71, ALBESERE adjacency  matrix F14F#E%  adjacency  listo FRATHS i BHIX 9 Fh
ANEREEE, FHVEA Python FIZER SR ABHEAE P

7.4. B SR E

Bl o W SEILUT IR 2 — B R “4E5E RS . AEAERE SR i, AT AER A1 AR 1w (1 T
Mo WURT v BT AT w Z (A UAHIE, WERHE GG AAAERERER v AT, w e PN T aid s 1ok
e, BATRUCEATIE MR . B 7.3 el 7K 7.2 PEIFEEAERE, S REASE 7 TS v £
T w I I BLEE

Vo vi vz va v4 Vs
vo 5 2
Vi 4
V2 9
va 7 3
V4 1
Vs 1 8

& 7.3 EIRSEEERTR

KBHRE P AL R T B, X T B ER AR A 5 B T s T R SRS . AR, FRATTHE
BEEIRE AR AR RN, XM E LA TR R 2 “FhB” (Ko FE R I AR — Ml A Mg B iR A
Migtt. kb, fE Python BLARLAUA PILATIHIE K 3 X FERIFEFELH .

LA RBCEPERS, ARESEREZ M — A RIS 5. (HEBRANIPT iR KRR 2 K
We? 75 2 DI RIAFERHRE? KO EI Th AN TION RAE —47— 51, SRR 5 ZE L R 2 |V 2.
—ANFEE A FERE R B TR HAAE T T A . SRR A 1) AR /D FT DLBR I (. A&
AT EE S FE A fil RO A 7

7.5. AB g

NS P P B R T SR A B4R adjacency liste fEIXANSRILTTVEA, FATGES—
MEIATRKESIR (master list) , EFERPIFEANTA, HREE—5 8 S HILERK TG
TR . ESEITRCERATNE R, BAMEH I ARSI, IR 8E (key) XTI A
PRIR, TR Cvalue) MW RAGRAF TR AERGOMIBE . [&] 7.4 JRIL 7 7.2 IR AR HR .



Graph
; i id = "Vo" \
adj = { V15, V5:2}
="V
v adj={V2:4}
id = "V2"
e adj={V39)
Vertex Objects
id = "V3"
v3 *ladj = { V4:7, V53 }
id = "V4"
V4 Mladj={vo:1}
_id ="vs*
b adj=(V2:1,Va8} |
numVertices = 6

K 7.4 ESETIRRS

ARIRR ST IE R AU VRN TR B R R — B . AR BRI R VIR A 2 R EEA
T et 55 A T A0 ) i A 4%

7.6.52 3

7t Python i F} 7 B AE A A0 FER P SE I ARTHIR S &) o AETRATT S0 ISR 4th R B8 SR 2w, FRATD
T LGP NZE, Graph A1 Vertex (FELER—FIEK ) . Graph tRF T EEATAKIER, Vertex
M2 7 ERR P TR AE B e B Vertex 8 — 7 HUORIC T T -5 TR (3 4208 R 550
IO E, XANTFHIAFRAE connectionTo (self. connectionTo) . FIEIHIFRLA H T Vertex ZEH4E
. FEpRE (_init_ ) FEIFRMAIGH T (BN FRFED id A connectionTo i,
addNeighbor J7 ¥4 F RSN — AN TS 21 55 —ANTHS )34 . getConnections J77E ] BLIR [A] BA
connectionTo -4 H [ S5 AR B T R R AR H IR BT A T AL . getWeight J732 ] LUEIE — NS 40k
[ T3 s A5 T s 2 ) R 320 PR AR B

Listing1:

class Vertex:
def init (self,key):
self.id = key
self.connectedTo = {}
def addNeighbor (self,nbr,weight=0) :
self.connectedTo[nbr] = weight
def str (self):

return str(self.id) + ' connectedTo: ' + str([x.id for x in self.connec
tedTo])

def getConnections (self):

return self.connectedTo.keys ()
def getId(self):

return self.id
def getWeight (self,nbr):

return self.connectedTo[nbr]

ARG 7.1



RN Graph 2K, A T AR R AR BTS00 R 7. 2K 7.4 ARIZAS T UL
FAHALIKOHEFTAAK, Graph BFRAL 1 17 B AN T ORLRE — DT 5 25— MERE RN T i
getVertices E/iTu E@lﬂljﬁﬁﬁmﬁﬁ’]%%o FANEATA LLE I S iter_ J7 kAL R E I o

T TO s 0 G Dy o 3 P A 7 ¥k 0 VI AREE AL T 44 R s T s e A B 253 I o R T
Listing2:

class Graph:
def init (self):
self.vertlList = {}
self.numVertices = 0
def addVertex (self, key) :
self.numVertices = self.numVertices + 1
newVertex = Vertex (key)
self.vertlList[key] = newVertex
return newVertex
def getVertex(self,n):
if n in self.vertlist:
return self.vertList[n]
else:
return None
def contains_(self,n):
return n in self.vertList
def addEdge (self, f,t,cost=0):
if f not in self.vertlList:
nv = self.addVertex (f)
if t not in self.vertlList:
nv = self.addVertex(t)
self.vertlList[f].addNeighbor (self.vertList[t], cost)
def getVertices(self):
return self.vertList.keys ()
def iter (self):

return iter (self.vertlList.values())
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Listing3:

>>> g = Graph()

>>> for i in range (6) :
g.addVertex (1)

>>> g.vertlist



: <adjGraph.Vertex instance at 0x41el8>,
: <adjGraph.Vertex instance at 0x7£f2b0>,

{0

1

2: <adjGraph.Vertex instance at 0x7£288>,
3: <adjGraph.Vertex instance at 0x7£350>,
4: <adjGraph.Vertex instance at 0x7£328>,
5: <adjGraph.Vertex instance at 0x7£300>}
>>> g.addEdge (0,1, 5)

>>> g.addEdge (0, 5, 2)

>>> g.addEdge (1,2, 4)

>>> g.addEdge (2, 3,9)
>>> g.addEdge (3,4, 7)
>>> g.addEdge (3,5, 3)
>>> g.addEdge (4,0,1)
>>> g.addEdge (5, 4, 8)

( )

>>> g.addEdge (5,2,1
>>> for v in g:
for w in v.getConnections() :
print("( %s , %s )" % (v.getId(), w.getId()))
(0,5) (0,1) ¢(1,2) (2,3) (3,4) (3,5) (4,0) (5,
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@, BB AR BRR, L TR DD et

1. HIRERNTS nbr, frid MK E;
2. nbr HIRTHAMEIEE NYEIT A currentVert;
3. nbr FIBEEHRE N LT S REE N —;

4. nbr BMABNE, X—EAEMERET] nbr EX4RTTRIAERIIR P PTA TS R e A, 4
REMGREAT T — R IR IR R R A



R 7.5

YER—AHF, BATEITEREE bfs BRECGE AR SE 7.5 B ERX M) e m
B HRMNMEIETI A fool FFUG, KPrA 5 HAHER T A B MEBR b, XSS PR T A B 45
pool. foil. foul Fl cool, IXLETH s fFE BT SAEAIMBINE . B 7.7 s ix —#E4 WG,
PEFIBAZ IR

& 7.7 BFS HJE—3

bfs BEHI T — DR AL T AE A AL pool MBAFIPRSER, I HoOS AR i — 20 h
fI3fE. R, 2 bfs MERGET M cool I, ZAIEMBCCAIN 7RG, KRFECLH
KL T, HHRPMGEIE T RE] cool ZIAAH —KHLEIEE, cool AT IIT AT —



WIRR . TR pool Ja, ME—HFIIABFIMIT A E poll. X—H2 )5, BAIBAFIFPRZ WA
7.8 FizRo

& 7.8 BFS HIEE—B

BAFIHH IR — N R foil, $RER foil JEME—BERSIIAR P IITT Ri2E fail; BABIFPHEETRR
RPN AL cool M poll FEMHRRZJG, HBCAFHITURMAR NS, & 7.9 RIRKIZHEEE —
RIS HARR LG, W RIBABIPIR S -

A 7.9 ERER—EZEHR



& 7.10 BAK)) B E (BFS)H

BRI H O T RN, DME T XA A S B, B 710 R 7.7
AW Y AL R GBI MR BFS B (H2 BFS S ar (7 76 T JATA Utk 1 3K
MEITIRR M EIAAS fool WTAZH] sage M)A, SR AEIXIERE IR ML AR ke 1 VF 22 550 (¥ 170 o
FATRTLAM BES SRR — N A, R AR A ST R A Sk IR [ BUAR S 5, IS B AIX A H
WARAE] fool MEJEIAMSE. NI REUREY 7.6 JEIR T A0fa] Z3did AT s RE R HT BN H A 30]
o

R 7.6

7.7.3. JTEAMR M E (BFS) BT

FERAVAR SRR T CEEIRZ AT, SeRAMT—F BFS SHARIN MR, HeRNMME
B, 2while fEHBHATH, BIRITGES V] AP AR TR BT 1 — Ik (] LA — A To
FERU R BTN BRI i A2 B RIS AR R 458D, BRI while R34 0 (V) IIEZRE.
J14k, RTHEAE while AT for 1EA), JxT T EIKGLE Bl h i KL EL 2T —
Ko XAEFNEEANTE RS mE P T T AT u BTHE v 1934, R 4T u HiBA



I EERATA S E, PO RA RSP E K, FIIEXMERRREIRERZ 0 (B) o EPHMEA
(RIIF [) R 2% BE RIS OR, BA2 0 (VHED

B8R, AT BFS JURBEAMRERE . REDEBMEIA T2 H AR S KB A2 7 — i
75 R BRI AR Tt 2 F AR TR A2 — 25 KB, AEIXAM SO0 3t D A R T i SR 2% FE ot
K0 (V) o IEWH NIRRT VIR0, HEEROITRE 0 (V) FERIR R L.

R, BT IRA I, BT EN ERE L BITRI K, BUAEBA TR buildGraph B
BRI E TR RE S5 21 52 R SE A

7.8. & B 1) A

PR B B BAT B0 55 — A B SRR S — 2 M “ B i 7 o T Al i il AR A [ P R LA
HEAUH “Bt” XM TEATERAE. R H R BT LAk £V R A AR T, O H A
&7 R REE —IKEGERF A — DNIXFERGEBUT RO — IR “HiiF” o ZFEK, Bt A E e
AWsl T BB BT ENREER. £ 8X8 MIE R R BB b, HATRIER SA% R
e B ESA 1.035%10°35 X A%, A, MR IEREURES 7. RAKE
BATREAIERE ZE A S A ERIRA i, s P #R 2

REBAERTFUN 51 Q20T TE 1 AR 2 AN[R] 1 SRR R Doy JA e e A, P R A T o 6 PR
MGG R IR — . R, BATRA P AE 175 FERME PRI A ] 7L -

® CHHLE ESVARERIR RS N A
O KB RFEFET M REN U7X - D KBkiE, thigid B Es s TE—k

7.8. 1. @+ E R

N T RS R R R O B, BATR R B0 AR R MR T R R B
LEEBAAT DB — KRR . B 710 R T S A B R E R DR AR B v Birns B2 IR 34

B 7.10 £ 12 XAMET LIRS LR BEE KT DL RS Z X B



AT AR FHARED 7.6 H1f) Python PRELZEENL—A nxn BT 95E% K. knightGraph
BRI [T Bk B . fEREME T b knightGraph eREUHA genLegalMoves #iil sk Eck O — A4
RS T 3L BB asifsR. e M a2B s #p it ion B . 55— Mk 5
posToNodeld RAEMAEL F A7 B AT HIME BFEH b — MM AL, KT 7. 10 Bk ik
Fo

REG 7.6 B nkn BN R SR

genLegalMoves BR#EL (AXID 7. 7) SRENGE L 48l i & IR E A\ EM PR, legalCoord
B R B RAT AT D IRA S A (253 IndexBrror ) .



R

7.7 genLegalMoves BR%X

B 7,11 8on T 8x8 #L EArE nlReash i, Kb R 336 ik, V5 BIEEmib i 7t
HROO RS FIERE I E D, D, IRATAT UG BIX AN EARF G . 0 FIX 5k PR 9 N TS #Ef
B, WA 4096 414, RN RAE 336 400, XANEREMERE XA 8. 2% H 7T



B 7.11 8x8 & LA REEMIE

7.8.2. Sz E L E U

FRATT P T e e JA U 1) R (V)98 2R S92 Depth First Search (DFS) ——IRPER G4 R L.
AT B BFS (MR REL) R—X@E RN —)Z, 1 DFS HVENZ R AT REIR M R
W —HL o X — AT RA TR HP MR R Se4E ZR (DFS) MSEBLEE. 35— DFS Bkgaka I B
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B knightTour FEIMEESE: n , HETMIRRE; path , XD RHTIA U T
RIOFIZR: u, BATREMIRRIOAG  limit , MRS RERS. ZREOLEMEN: 2 knightTour
PO, EAER SRR WR path B 64 DR, I knightTour JR[H] True FinLl
LAREN KT AT WR path A, FATESE—ASFT O LS BRI B &
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from pythonds.graphs import Graph, Vertex
def knightTour(n,path,u,limit):
u.setColor('gray')
path.append(u)
if n < limit:
nbrList = list(u.getConnections())
i=0
done = False
while i < len(nbrList) and not done:
if nbrList[i].getColor() == 'white":
done = knightTour(n+1, path, nbrList[i], limit)
i=zi+1
if not done: # prepare to backtrack
path.pop()
u.setColor('white')
else:
done = True

return done
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TEECON 1.3X10% 48R, HTRXAFBERZMME, RIOARRZRE A0S, ERHERIA
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Wi 7M. — 07, T SeE VR Eb RIS a5 B R RSN A RS . ETOR
RS LR () AR L ANEE 5 B W M7, HLAE 75 22 s ai o o 8] i 77 M kR 2 i it . R
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def orderByAvail(n):
resList = []
for v in n.getConnections():
if v.getColor() == 'white':
c=0
for w in v.getConnections():
if w.getColor() == 'white':
c=c+1
resList.append((c,v))

resList.sort(key=lambda x: x[0])

return [y[1] for y in resList]
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from pythonds.graphs import Graph
class DFSGraph(Graph):
def __init__(self):
super().__init__()
self.time =0
def dfs(self):
for aVertex in self:
aVertex.setColor('white')
aVertex.setPred(-1)
for aVertex in self:
if aVertex.getColor() == 'white":
self.dfsvisit(aVertex)
def dfsvisit(self,startVertex):
startVertex.setColor('gray')
self.time +=1
startVertex.setDiscovery(self.time)
for nextVertex in startVertex.getConnections():
if nextVertex.getColor() == 'white":
nextVertex.setPred(startVertex)
self.dfsvisit(nextVertex)
startVertex.setColor('black’)
self.time +=1

startVertex.setFinish(self.time)
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from pythonds. graphs import PriorityQueue, Graph, Vertex
def di jkstra(aGraph, start) :
pq = PriorityQueue ()
start. setDistance (0)
pq. buildHeap ([ (v. getDistance (), v) for v in aGraphl)
while not pq. isEmpty():
currentVert = pq. delMin ()
for nextVert in currentVert. getConnections() :
newDist = currentVert. getDistance() \
+ currentVert. getWeight (nextVert)
if newDist < nextVert. getDistance():
nextVert. setDistance ( newDist )
nextVert. setPred (currentVert)
pg.decreaseKey(nextVert,newDist)
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While T is not yet a spanning tree

Find an edge that is safe to add to the tree

Add the new edgeto T
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from pythonds.graphs import PriorityQueue, Graph, Vertex
def prim(G,start):
pg = PriorityQueue()
forvinG:
v.setDistance(sys.maxsize)
v.setPred(None)
start.setDistance(0)
pg.buildHeap([(v.getDistance(),v) for v in G])
while not pq.isEmpty():
currentVert = pg.delMin()
for nextVert in currentVert.getConnections():
newCost = currentVert.getWeight(nextVert) \
+ currentVert.getDistance()
if nextVert in pq and newCost<nextVert.getDistance():
nextVert.setPred(currentVert)
nextVert.setDistance(newCost)

pg.decreaseKey(nextVert,newCost)
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